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!Abstract 
 
Until relatively recently, shell middens have been overlooked as culturally rich sites that can 
inform archaeologists on many aspects of the past. In depth analyses of all features of a site 
are needed in order to gain an understanding of the people who created them. Analyses that 
examine both the ecological and economic aspects of sites through the use of quantitative 
data have been promoted via detailed research of coastal shell deposits in South Africa and 
California. Although the application of this type of approach has not been as widespread in 
southeast Australia, the foundational work on which to build more detailed coastal 
archaeological research and midden analysis comes from Attenbrow (Attenbrow 1993, 1995, 
2010a, 2010c, 2011) and Sullivan (Sullivan 1982, 1984, 1987).This thesis, through a holistic 
and methodical approach, seeks to provide a material based analysis of hunter-gatherer 
interactions with the environment along the NSW coastline during the late Holocene. The 
case study of the Birubi shell midden is located near Port Stephens in NSW and was 
systematically excavated and recorded by Prof. Len Dyall (then of the University of 
Newcastle) in the 1970s. The results from the quantitative analysis undertaken in this thesis 
demonstrate that the hunter-gatherers of Birubi sustained a diverse coastal economy. This 
thesis aims to provide a dataset, following the framework of Sullivan and Attenbrow, which 
can be used alongside other similar studies in order to build up a more comprehensive 
understanding of subsistence economies along the NSW coastline in the Holocene.  
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!Chapter 1: Introduction 
 
Introduction 
Shell deposits are a valuable resource for the study of the coastal economies of past hunter-
gatherers as they can inform on the interactions between humans and the environment and 
the role that maritime ecosystems played in this relationship. In the last twenty years there 
has been increasing interest towards these coastal economies, facilitating a need for updated 
methodologies to aid in regional comparisons of shell deposits (Jerardino et al. 2017). 
Previous analyses of shell middens, particularly during the 1970s, primarily focused on 
presenting molluscs as a marginal or secondary resource (Cohen 1977; Koloseike 1970; 
Osborn 1977; Parmalee and Klippel 1974), and have therefore often been overlooked in 
discussions of past coastal economies. Until relatively recently, and as a result of previous 
notions of the economic importance of molluscs in particular, there was a general paucity in 
zooarchaeological analyses of coastal deposits (Winterhalder and Smith 2000). However a 
move towards multidisciplinary approaches that combine quantitative and qualitative data 
have taken place in several regions internationally, most notably in South Africa and along 
the California coast (such as Braje et al. 2017; Erlandson 2001; Erlandson et al. 2015; 
Jerardino 2010; Marean 2010). Comprehensive analyses of the faunal material of shell 
middens in comparison with regionally specific datasets is needed to gain a greater 
understanding of how people interacted with their environment through the subsistence 
economies that are represented in these deposits, which can inform on the cultural, 
ecological and economic nature of an area (following Braje et al. 2017; Briz Godino et al. 
2011; Erlandson et al. 2015; Jerardino et al. 2009; Szabó and Amesbury 2011).  
 
This type of approach has not been prevalent in Australia however there have been some 
exceptions (notably in Queensland and the Northern Territory Bourke 2001; Faulkner 2013; 
McNiven et al. 2014; Morrison 2010; Rosendahl et al. 2014; Ulm 2006). On the NSW 
coastline Attenbrow (2011) notes that prior to the 1960s excavations that were carried out 
were unsystematic. Recovered material was often discarded that were viewed as 
insignificant, such as small bone material (Attenbrow 2011). There have, however, been 
some important regional studies undertaken in NSW that follow the more holistic approach 
highlighted above from the international literature, such as that of Attenbrow and Sullivan 
respectively. Sullivan’s NSW study in the 1980s compared the land use patterns of coastal 
economies both spatially and temporally (1982, 1984, 1987). Attenbrow’s (2011, 2010a, 
2010c, 2010b, 1993; Attenbrow and Steele 1995; S. Colley and Attenbrow 2012) 
10
!quantitative study of the Port Jackson area in Sydney has provided a vital dataset based on 
the consideration of zooarchaeological and ecological evidence in reconstructing coastal 
economies in NSW. 
 
Thesis aims and research question 
This thesis aims to cultivate the creation and use of detailed faunal datasets for the 
examination of late Holocene Aboriginal coastal economies through an exploration of the 
broader implications of the results of the faunal analyses from the Birubi shell midden. The 
analysis seeks to address the current paucity of detailed quantitative datasets from NSW 
coastal midden deposits (discussed in Chapter 3). The results demonstrate that an 
examination of the diversity of taxa and their use are essential for further comparison with 
the ecology and environmental context within which a site is situated in order to provide 
detailed insights into the hunter-gatherers of the NSW coast (see Chapter 5). To demonstrate 
the importance of this quantitative approach, the following research question will be 
addressed:  
 
What were the subsistence strategies of hunter-gatherers on the NSW coast during the 
Holocene?  
 
This research therefore builds on previous research to add to the significance assessment of 
coastal midden deposits in NSW. Within this over-arching question fall two further sub 
questions: 
•! The Birubi shell midden as evidence for diet and production; what can this site tell us 
about the ecology and economies of the people from Birubi? 
•! Birubi in a broader context; how does this shell midden compare to other sites along 
the NSW coastline? 
 
 
Quantitative studies of the faunal assemblage structure, richness and diversity within the 
environmental and ecological context, as with the case study of Birubi, offer more robust 
comparative analyses within regional coastal contexts (as outlined by Jerardino 2010; 
Jerardino et al. 2017; Szabó 2017). This study examines shell and bone as multipurpose 
materials, used both for subsistence as well as technology, as it is important to examine the 
range of use of taxa in order to develop a dataset that is representative of the entire use of a 
site. Although this study aims to be more comprehensive in terms of the level of detailed 
11
!analyses, the stone artefacts were not included due to time constraints. The research 
questions that cover these diverse materials are outlined in Table 1.1 below.  
 
Table 1.1 Questions asked of the Birubi assemblage 
Diet Work shell and bone 
Are particular species more abundant? Is there evidence of tool production at Birubi?  
What can be said about the foraging behaviours 
that occurred at the site? How were hunter-
gatherers of Birubi interacting with their 
environment 
What materials were being used? What are the 
ratios between the materials? 
What is the distribution of faunal material across 
the site? 
Are the tools all formal? Or are some utilised 
shell that have not previously being worked? 
From what sort of habitats were these species 
acquired?  
What range of artefacts were being produced? 
What can be said about the subsistence strategies 
of the people of this area: were species collected 
locally? Brought in by chance? Seasonally 
acquired? 
How can this inform on the technological use of 
the site through time? 
 
Rationale 
Archaeological molluscan deposits are fundamental to studies of subsistence strategies 
across a range of aquatic habitats, and provide information on past ecological structures and 
environmental changes. As a result, this zooarchaeological material is vital to understanding 
the culture and economies of the past (Claassen 1998; Erlandson 2001; Szabó 2017). The 
purpose of this thesis is to cultivate the use of comparable zooarchaeological analyses to 
expand on the methodological approach to both archival and newly excavated material from 
Aboriginal coastal economies in NSW. In order to examine coastal economies in relation to 
broader environmental and cultural changes there is a need for the widespread use of 
quantitative and qualitative data that are specifically adapted towards examining the 
subsistence strategies of coastal hunter-gatherers within their regional context. There are 
archaeologists who have begun to develop methods of identification of species and statistical 
analysis that aim to be readily reproduced by other researchers (Driver 2011; Harris et al. 
2015; Lyman 2008; Wolverton et al. 2016). This is discussed in Chapter 2.  
 
This thesis follows several key pieces of research, each conforming to the kind of holistic 
and methodical approaches noted for the more recent international literature, and providing 
the foundation for the examination of shell middens on the NSW coast. Sullivan’s NSW 
study (1982, 1984, 1987) provides the basis from which to examine the relationship between 
the composition of middens and the environment in which they are found. Attenbrow’s 
quantitative studies (2011, 2010a, 2010c, 2010b, 1993, Attenbrow and Steele 1995, Colley 
and Attenbrow 2012) have provided a beneficial understanding of how zooarchaeological 
12
!and ecological data can be used to understand the ecology and the environment in late 
Holocene NSW. There are other examples of southeast Australian shell middens that 
supplement these broader studies contributing towards the understanding of the subsistence 
economies of this area (Colley 1997; Dean-Jones 1990; Lampert 1966, 1975; Stockton 
1977). These studies are useful as they examine shell middens within regional contexts of 
southeast Australia and explore how human environment interactions shift through time and 
space in late Holocene NSW.  
 
Research Methods 
This thesis will address the broader implications of quantitative faunal analyses in 
understanding the coastal economies of hunter-gatherers, through laying out the 
methodology, results and interpretations of the re-analysis of material from a shell midden 
excavated in the late 1970s from Birubi on the NSW coast (outlined in Chapter 4 and 5). To 
examine the research questions outlined above, the research method implemented was to 
undertake a systematic re-analysis of a representative sample of material available from the 
Birubi shell midden. This sample comprised 47,595 specimens weighing approximately 
80kg. 
 
This purpose of this thesis was to cultivate the use of quantitative faunal analyses that can be 
used in future comparisons with a combination of palaeoecological and historical data to 
inform on coastal economies of hunter-gatherers in NSW, through the case study of the 
Birubi shell midden. The dietary component of the recovered material was assessed 
alongside the worked bone and shell in order to understand the ways in which they both 
contributed to hunter-gatherer coastal economic structures around Birubi. It is important to 
study these economic uses alongside one another as individual taxa may be used for multiple 
purposes (in line with the evidence provided by Attenbrow 2011, 2010a; Colley 1997; 
Cuenca-Solana et al. 2013; Harris et al. 2017; Szabó and Amesbury 2011; Szabó 2008; 
Weston, Szabó, and Stern 2017).  
       
Outline of thesis 
This chapter has outlined the thesis scope and aims, and has laid out the principle research 
strategy and methodology. Chapter 2 sets up the theoretical framework of coastal economies 
in the international literature. Archaeological approaches to coastal sites are examined and 
how they have changed over time. The methodologies used are critically assessed in order to 
13
!obtain the most effective and informative ways of studying shell midden data. These 
approaches are examined comparatively in Chapter 3, which sets up the regional context of 
the NSW coastline. This is an examination of Australian approaches to the archaeology of 
coastal deposits and how this can inform on the ecology and in turn economies of the 
Aboriginal people from the late Holocene. Chapter 3 will also outline how shell middens 
have been looked at in NSW and will critically analyse these approaches and detail those that 
have been adopted for this study. Chapter 4 establishes Birubi within its regional and local 
environmental structure. An overview of the excavations undertaken by Prof. Len Dyall in 
the 1970s is given with supplementary data from Dyall’s 2004 report. Building on the 
findings of this report Chapter 5 outlines the methods used to analyse the Birubi material. 
Chapter 5 also provides the results of these analyses for further discussion in chapter 6. 
Chapter 6 then discusses the implications of these results. This concluding chapter suggests 
the need for more detailed quantitative faunal studies to be performed on midden deposits in 
NSW and that it is through the application of these studies that a more integrated 
understanding can be developed about the long-term evolution and ecology of human 
foraging behaviours and marine ecosystems.     
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!Chapter 2: Literature Review - Coastal economies around the world 
 
2.1 Introduction 
This chapter presents a review of archaeological approaches to past coastal economies, with 
an emphasis on shell deposits. Rather than being a comprehensive overview of past and 
present international coastal archaeological research in its entirety, this chapter focuses on 
the literature that specifically relate to the research questions outlined in chapter one. This 
means that an emphasis is placed on quantitative analyses that can be used to expand on 
interpretations of the ecology and environment of the respective study areas in which the 
research reviewed has been undertaken. An introduction to coastal economies and their 
analysis is laid out and then two case studies are used to display why this analytical approach 
has been chosen for Birubi.  
 
2.2 The analysis of coastal economies 
Archaeological approaches to past coastal economies have changed over time, however the 
examination of subsistence and diet, human interaction with the landscape as well as 
environmental changes are key themes that have persisted throughout the literature (Szabó 
2017). There has been much debate by archaeologists over how the exploitation of coastal 
resources was structured, and importantly, the role of marine invertebrates within past 
economies. Earlier analyses of shell deposits primarily focused on presenting molluscs as a 
marginal or secondary resource (Cohen 1977; Koloseike 1970; Osborn 1977; Parmalee and 
Klippel 1974). Since the 1970s this notion has been questioned, and within the discipline a 
move has been made towards examining coastal datasets within broader regional 
environmental and ecological contexts in order to establish their role and significance (Balée 
2006; W. L. Balée and Erickson 2006; Erlandson 2001; Erlandson et al. 2015). A highly 
influential way of studying coastal economies came out of the California school of midden 
analysis based in research undertaken in the first half of the 20th century. This developed 
from a focus on the rich coastal archaeology around San Francisco, with the primary aims of 
these investigations linked to examining the chronology, population size and diet represented 
within a given site (Ambrose 1967). Spurred by this analytical framework, a move has been 
made over the past three decades towards environmental considerations of coastal and other 
aquatic economies with more research emphasising quantitative, taphonomic and 
ecologically based studies (some examples are Faulkner 2013; Harris et al. 2015; Peacock 
2000; Szabó 2017; Szabó and Amesbury 2011; Sullivan 1982; Wolverton et al. 2016). 
15
!Studies of coastal economies with an emphasis on ethnography have continued to be 
emphasised in the last few decades (for example Bird and Bliege Bird 2000; Codding et al. 
2014; Klein and Bird 2016; O’Connell and Allen 2012; Parkington 2012; Parkington and 
Sealy 2007; Parkington et al. 1986). However, there have been exceptions to this focusing on 
multidisciplinary combinations of archaeological, ethnographic and historical data, with a 
focus on quantitative analyses (for example Braje et al. 2017; Briz Godino et al. 2011; 
Erlandson 2001; Erlandson et al. 2015; Erlandson and Braje 2008, 2007; Faulkner 2013; 
Jerardino 2010; Jerardino et al. 2009; Jerardino and Dewar 2007; Jerardino and Yates 1997; 
Marean 2010; Szabó and Amesbury 2011; Wolverton et al. 2016). 
 
It is important that ethnographically based approaches be evaluated for analytical robusticity, 
as it can never be assumed that a behaviour is unchanging through time (Hiscock 2008). The 
ethnoarchaeologists must be diligent in clearly demonstrating and supporting the links being 
made between present and past activities. For example, assumptions should not be made that 
certain foraging tasks, such as mollusc harvesting, were always performed according to 
gender divisions (Claassen 1991, 271). Bias towards the interpretation of the formation and 
understanding of shell deposits can be created across all of these methodologies through a 
lack of supportive evidence, this is why it is important to adopt a multi-disciplinary approach 
to the study of coastal economies (Claassen 1998; Jerardino 2016; Meehan 1982, 5) as 
discussed below.    
 
The archaeology of coastal regions provides the evidence needed to examine the long-term 
evolution, ecology and nature of the interaction of human foraging behaviours and marine 
ecosystems. These concepts are most effectively examined through regionally specific 
ecological and environmental studies with a focus on quantitative analyses of faunal remains 
as the concrete basis from which to build (for example Braje et al. 2017; Erlandson et al. 
2015; Faulkner 2013; Jerardino 2010; Szabó and Amesbury 2011; Wolverton et al. 2016). 
Shell middens are invaluable deposits for these faunal studies as they provide robust 
collections of taxa. However the term shell midden has often broadly been referred to as 
waste sites. These quantitative faunal analyses can direct studies of these sites towards 
broader examinations of them as detailed representations of subsistence economies, used for 
both diet and technological production. Claassen notes the importance of these sites having 
this broader definition, one that is drawn from the individual archaeological assemblages and 
that the term shell midden indicates a site that bears a large portion of shell deposited by 
humans (Claassen 1991, 251–52). Szabó states that a shell midden can also be created and/or 
transformed by non-human animals as well as through natural processes, such as ocean and 
16
!sand movement, therefore detailed taphonomic studies of these sites need to be undertaken 
(Szabó 2017). This more comprehensive definition demonstrates the need for a multi-faceted 
approach to the archaeology of shell middens. Thus it is important to study not only the 
subsistence and cultural histories of coastal economies while also examining the taphonomy, 
ecology and environment of a site in order to undertake a more comprehensive approach 
(Stein 1992, 6).            
 
2.3 Behavioural Ecology approach  
If shell middens are to be examined within the individual archaeological contexts then 
methodological approaches needs to be undertaken so that they can be used in broader 
comparisons.  The theoretical framework for the analysis of the Birubi shell midden is based 
around elements of human behavioural ecology (HBE) and historical ecology. HBE 
examines how hunter-gatherers interact with and alter environments through decisions made 
on resource selection and land use (Bird and O’Connell 2006; Winterhalder and Smith 
2000). HBE examines explanations of change through the examination of zooarchaeological 
data and subsistence patterns over time and place (Nagaoka 2000). Joseph (2002) questions 
the appropriate application of HBE as she states that attention to scale is crucial in the 
adoption of this methodology as interactions between humans and their environment vary at 
different levels of social organisation. Joseph (2002) states that HBE often makes 
generalisations about human behavior that cannot be confidently applied to all interactions. 
The combination of HBE with historical ecology provides a multidisciplinary approach that 
can draw on the intricacies of other sciences. A key concept of historical ecology is 
understanding how human-environment relationships, not merely human exploitation of their 
environments, have altered ecosystems through time, which can in turn be applied to modern 
environmental studies (Crumley 1994). Historical ecology recognises the importance of 
archaeological, ethnographic and historical records being studied against one another, with a 
focus on the long-term evolution and ecology of human foraging behaviours and marine 
ecosystems (Balée 2006; Balée and Erickson 2006; Braje et al. 2017; Erlandson et al. 2015).       
 
Historical ecology expands on HBE by examining these interactions as well as ecosystems as 
a whole, with a comparison of ancient and modern landscapes and how they are intrinsically 
linked (Braje et al. 2017). A combined focus of these interweaving approaches is a focus on 
quantitative data. This has informed the study of Birubi through a detailed ecological study 
of the taxa which can be used to examine how the hunter-gatherers of the late Holocene 
adapted to and in turn effected their changing environments.   
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The study of hunter-gatherers’ interaction with coastal environments is a rich resource for 
archaeologists. Key overlapping research strategies are examined in this chapter that directly 
influenced the study of the Birubi shell midden. These are quantitative analyses of faunal 
remains that include detailed taphonomic studies and how examinations of ecology and the 
environment inform archaeologist’s perceptions of sites. These are important foundations to 
then be used in comparison with broader regional contexts and environments. It is through a 
multidisciplinary approach to examining solid datasets, that these larger scale studies can be 
undertaken.   
 
To facilitate the expansion of these quantitative data sets and studies in coastal archaeology 
discipline wide standards would help great consistency and allow comparisons (Lyman 
2008). There are archaeologists who have begun to develop methods of identification of 
species and statistical analysis that aim to be readily reproduced by other researchers (Driver 
2011; Harris et al. 2015; Lyman 2008; Wolverton et al. 2016). An important element of these 
studies is examining the taphonomy of the archaeological material as the post depositional 
processes can inform on the site as a whole. For example both Szabó (2017) and Attenbrow 
(1992)  have highlighted the importance, as well as the techniques to follow, of 
distinguishing between a natural shell bed and a human made midden, which have often been 
overlooked (other examples include Henderson et al. 2001; O’Connor and Sullivan 1994; 
Sullivan et al. 2011). In South Africa, Jerardino is leading this focus on analyses of 
palaeoenvironmental and faunal records to inform cultural contact scenarios (Jerardino et al. 
2009, 37–38). Jerardino acknowledges the need for a multi-faceted approach to the 
archaeology of coastal regions, as demonstrated in the case study presented below.  
 
2.5 Case study: Borrow Pit Midden, South Africa 
Jerardino et al. (2009) examine a unique case of culture contact between coastal foragers and 
herders along the West Coast of South Africa with a focus on quantitative faunal data 
analysis. Cultural contact has the potential to create significant social change between 
separate groups that live within the same geographic landscape, however the degree of 
change and the processes involved need to be carefully articulated with the archaeological 
data (as demonstrated through the work of Guse 2006 and Mitchell 1995 in the Northern 
Territory). Previously in South African prehistoric archaeology there has been an emphasis 
by archaeologists on inland ethnographic studies of the indigenous San people as the basis 
for the majority of research (such as Behrens and Swanepoel 2008; Cusick 1998, Hall 1992; 
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!Parkington et al. 1986; Sealy and Yates 1994). Jerardino states that this emphasis has been 
too great and that the majority of these ethnographically based studies excluded coastal 
regions, thereby leaving a gap in the examination of South African archaeology (Jerardino 
2010). Jerardino’s study has focused around the processes of culture contact in coastal 
economies of this area, drawing on this ethnographic research for comparison.  
 
Unique among these interactions are the Khoi herders and San hunter-gatherers from the 
West Coast of South Africa, and the Borrow Pit Midden site from Elands Bay falls into this 
study area (Jerardino et al. 2009). Previous studies of these cultural-contact scenarios view 
this interaction as competitive, with the San hunter-gatherers being forced to forage for food 
on the margins of the Khoi herder’s boundaries (Parkington et al. 1986). These studies have 
based these conclusions on non-coastal ethnographic studies with little quantitative analysis 
of faunal remains (Jerardino et al. 2009, 38–39). Jerardino et al. have found that sites such as 
Borrow Pit Midden do not support this competitive interaction. Rather, they suggest flexible 
adaptive responses among people foraging within and around marine ecosystems (Jerardino 
et al. 2009, 38–39).  
 
Borrow Pit Midden is located at Baboon Point near Elands Bay, 180 metres from rocky reefs 
and the ocean. Due to no domestic fauna or ceramics being found at this site, the conclusion 
was drawn that foragers were responsible for the site formation. The largest faunal 
component was found to be mollusc, and bird the most abundant taxa found within the 
vertebrate assemblage, which was followed by small terrestrial animals, tortoises, seals and 
fish. Human modification of bones was identified with 237 of 3325 showing evidence of 
burning and fracturing (Jerardino et al. 2009, 44–46). In examining the relationship between 
foragers and their environment the ‘little ice age’ occurring alongside the creation of Borrow 
Pit Midden, around 650 years ago, would have meant wetter conditions and colder sea 
surface temperature. This climate would have been favourable for molluscs and they would 
have be available in high densities in the Elands Bay area (Jerardino et al. 2009, 52). The 
archaeology of the shell and bone presents a prosperous environment, which challenges the 
notion of competitive cultural interactions as resources should be limited for competition to 
occur (Jerardino et al. 2009, 52). The quantitative data from Borrow Pit Midden 
demonstrates that an opportunistic subsistence strategy was practiced mostly within the 
immediate vicinity of camps with high mobility, characterising forager settlement (Jerardino 
et al. 2009, 39).  
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!This is in contrast with the previous models of cultural-contact between the Khoi herders and 
the San hunter-gatherers. Parkington et al. (1986) proposed a model that was supported by 
limited zooarchaeological data (Jerardino et al. 2009, 40). Yates et al. (1994) did include 
some quantitative analysis, however only examining sheep bone rather than more detailed 
and encompassing studies, which would include marine vertebrate and invertebrates as well 
as a range of non-domesticated terrestrial vertebrate taxa (Jerardino et al. 2009, 40–41). 
Parkington et al. proposed that the Khoi herders and the San hunter-gatherers had a 
competitive relationship, that resulted in the San foraging for flora to avoid conflict 
(Parkington et al. 1986). Jerardino’s work demonstrates that quantitative 
palaeoenvironmental and faunal data needs to be examined in order to first establish the 
structure of the economy, and then to determine the nature of interactions occurring at any 
site.  
 
This style of detailed collection and processing of quantitative data are able to provide high-
resolution records that can be compared against one another in order to build up more 
comprehensive understanding of coastal economies. This information can be built into 
datasets that can then be used to compare within regional contexts in relation to human 
environment interactions.  
 
2.6 Ecology and the environment 
Ecology and the environment are important themes to examine in the study of coastal 
economies. These themes are important for what they say about archaeological remains, how 
archaeological deposits can be formed or transformed, and how they can then be interpreted. 
For example, Szabó looked at Hermit crabs removing shells from shell midden sites and 
replacing them with new ones of unknown age or origin (Szabó 2012). This entirely changes 
the composition of the site and can skew the interpretation of the analysis as well as the 
potential for radiocarbon ages to be incorrect if taken from hermit shell samples (Szabo 
2012, 940). Szabó outlines distinct methodologies for identifying common physical 
modifications to shells that are produced from both prolonged use as well as deliberate 
alteration by these crabs. These identifications can be employed by archaeologists in the 
removal of these shells from dietary analysis so as not to bias results (Szabo 2012, 933). This 
study demonstrates how the ecological factors must be taken into consideration when 
analysing faunal material. Looking at the interaction between ecology and environment and 
the broader implications this has for archaeological deposits, Bailey addresses the seldom 
discussed idea of underwater archaeology and how the change in sea level over time, and 
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!therefore the environment, has affected what researchers see and therefore how these 
remains are interpreted (Bailey et al. 2017). Bailey suggests coastal areas of Europe and the 
Mediterranean that are now submerged, would have likely supported larger human 
populations. This is due to the fertile and ecologically diverse landscape of this coast 
compared to the more remote arid inland environments (Bailey et al. 2017, 1–2). These 
combinations of ecological and environmental studies demonstrates the importance of 
examining these against human environment interactions to facilitate a wider understanding 
of the creation and post depositional effects on deposits. 
 
This broad scale approach to human environment interactions in relation to coastal 
archaeology utilises a multidisciplinary approach (such as Erlandson et al. 2015, Szabó and 
Amesbury 2011). The studies conducted on the California Coast Channel Islands combine 
the archaeological and ethnohistoric records of this microcosm of California before 
widespread historical development. Rick et al. (2005) acknowledges the importance of 
archaeological, ethnographic and historical records being studied against one another, with a 
focus on the long-term evolution and ecology of human foraging behaviours and marine 
ecosystems. Dyall in his report on Birubi (2004) notes the importance of using 
ethnohistorical resources in comparison with the archaeological material. It must be noted, 
however, that ethnographic studies should not be solely relied upon, and must be evaluated 
for robusticity and relevance as would be undertaken with any other line of supporting 
evidence. 
 
The detailed zooarchaeological study of Birubi will provide comparative data for further 
examinations of palaeoecological, archaeological and historical evolution of hunter-
gatherers’ behaviour as well as marine ecosystems (following, for example, Rick et al. 
2005). Analyses of the shell technologies, as an equal addition, will add an extra dimension 
to the economic lives of people living in coastal NSW. An examination of this approach to 
the ecology and the environment of coastal economies are outlined in the case study below. 
 
2.7 Case Study: Channel Islands, California 
The developments in the archaeology of coastal regions have been greatly extended by the 
work done on the Channel Islands, off California’s coast. These islands are one of the 
longest and best-preserved records of maritime hunter-gatherers due to their isolation. The 
Chumash people and their ancestors have been a hunter-gatherer society for millennia on the 
Northern Channel Islands (Rick et al. 2005, 169–70). The ongoing archaeological study of 
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!these islands has intensified in the last twenty years. Braje’s study of the San Miguel Island 
uses the study of ecology and the environment to examine the long-term evolution of hunter-
Gatherers behaviours and marine ecosystems (Braje 2010). Excavations have been 
undertaken systematically using scientific methods, such as GPS and GIS for establishing 
spatial use of sites and isotope analysis on bone and shell for investigating site seasonality 
and changes in ocean temperature that may have affected occupation of sites (Rick et al. 
2005, 174). These are helpful for the study of coastal economies as they aid in examining 
how the occupation and use of a site has changed over time.    
 
San Miguel Island has an arid climate and alkaline soil, which allows for good preservation 
of the archaeology. Erosion does happen due to wind, waves and running water, however the 
lack of burrowing rodents has promoted high stratigraphic integrity (Braje 2010). Careful 
surface collection, excavation and mapping have yielded detailed artefact and faunal 
analyses from these sites, helping to build a nearly 10 000 year sequence of subsistence, 
environmental and technological change. This strong faunal yielding collection provides a 
solid base from which to understand the evolution and ecology of human foraging 
behaviours and marine ecosystems, as all the sites are located within a roughly 2km stretch 
along the south coast of San Miguel Island (Braje 2010, 8–10). From one such site, CA-SMI-
628 dated to the middle to late Holocene, a diverse range of marine resources were 
systematically excavated and analysed. Mollusc were the most dominant taxa, followed by 
Echinoidea (sea urchin) and Polyplacophora (chiton), fish and marine vertebrates 
supplemented these. The proliferation of these species in the late Holocene levels 
demonstrates a potential increased use of these resources and potentially the site through 
time (Braje 2010, 67–69). These recent surveys and radiocarbon dating have documented 
seventy-two previously unrecorded sites dating to the Holocene (Braje 2010, 9). Comparing 
these results to similar sequences from the other Northern Channel Islands, San Miguel, 
Santa Rosa, and Santa Cruz, this study explores broad cultural and ecological changes, 
documenting variability in human-environmental interactions over time and its relationship 
to cultural change (Braje 2010).  
 
The Channel Islands are important for a range of archaeological issues such as “…the 
emergence of cultural complexity among hunter-gatherers, human impacts on the 
environment and historical ecology, coastal adaptations and sea-faring, long term trajectories 
in human social organisation and environmental relationships, subsistence and 
environmental change, regional exchanges and interaction” (Rick et al. 2005, 170). These are 
significant issues for the study of coastal archaeology around the world and therefore the 
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!practices and results of the studies undertaken on the Channel Islands are invaluable for all 
archaeologists. This idea of establishing detailed quantitative studies from which future 
studies can draw their conclusions has positive implications for using an understanding of 
the past to inform the present.  
 
Both the archaeological and ethnographic records of the Channel Islands exhibit 
considerable adaptability in coastal subsistence strategies of the Chumash people (Rick et al. 
2005). The use of historical ecology alongside detailed quantitative zooarchaeological data 
of these sites that span the Holocene demonstrates that many of the cultural practices 
described in early historic accounts have their roots in deep history, especially aspects of 
marine subsistence (Rick et al. 2005, 216–17). This demonstrates the importance of a multi-
disciplinary approach that has a strong base in quantitative data.  
 
2.8 Summary 
This review of archaeological approaches to past coastal economies has examined how these 
methods have changed, through examinations of shell midden composition to human 
environment interactions through time and how this can be examined through detail-oriented 
analyses and scientific methods. It has been demonstrated that the use of strong 
archaeological evidence and analyses combined with ethnographic studies and an 
examination of the ecology and the environment is the most informative approach to coastal 
economies. The development of systematic zooarchaeological data analyses for the Birubi 
shell midden is a strong foundation from which human environment interactions can be 
expanded on in future research. Dramatic changes in approaches to the archaeology of 
coastal economies have occurred most influentially in South Africa and along the California 
Coast, in particular on the Channel Islands. These changes have not been widespread in the 
coastal archaeology of NSW, however there are some key studies that have been undertaken. 
Chapter three will examine how some Australian archaeologists have undertaken these in-
depth analyses and the implications this has for the coastal archaeology of southeastern 
Australia. 
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!Chapter 3: Archaeology of the NSW coastline 
 
3.1 Introduction 
This chapter examines the regional environmental and archaeological coastline of NSW. The 
study of the archaeology of the NSW coast has largely been secondary to that of sites from 
inland regions. The studies of these sites more often provided a general overview of their 
contents, with some consideration of broader issues such as estimations of population density 
(Bailey 1993; Bailey 1975; Dean-Jones 1990; Lampert 1966; Stockton 1977; McBryde 1986; 
Megaw 1968b). Although these are important baseline data, further detailed analyses are 
required in order to more fully understand the past coastal economies of NSW. Quantitative 
analyses of the midden constituents at the appropriate scale could be undertaken on these 
previously investigated deposits in order to provide to enable an evaluation of the similarities 
and differences through time and space along the NSW coast. There have been some 
important regional studies undertaken that have taken a quantitative based approach in order 
to gain an understanding of how the landscape was being used across space and time that 
will be discussed below.  
 
These studies of coastal economies in NSW have utilised this comparative data approach 
through a more comprehensive analysis of the coastal sites to facilitate comparison at the 
appropriate scale, and from this attempting to produce a more complex picture of hunter-
gatherers’ interaction with their environments during the Holocene. Sullivan’s study in the 
1980s of 800 shell middens from NSW provides an evaluation of long term land use patterns 
as well as ecological and environmental changes along the coastline (M. E. Sullivan 1982, 
1984, 1987). This type of regionally focussed data should be added to and continue to be 
analysed to further answer questions related to the historical ecology and past economies of 
coastal NSW. Attenbrow's (2011, 2010a, 2010c, 2010b, 1993; Attenbrow and Steele 1995; 
Colley and Attenbrow 2012) detailed examination of the Port Jackson area in the Sydney 
region has provided quantitative analytical insights into the zooarchaeology of shell middens 
as well as technological changes through time. This exemplary database, that Attenbrow 
continues to develop, has provided Australian archaeology with a plethora of knowledge that 
can be used and followed throughout NSW. If a more comprehensive impression of hunter-
gatherers of coastal NSW is to be gained it is important to follow the work of those such as 
Attenbrow and Sullivan and examine multiple elements of each site, and of the region in 
which the site is situated. 
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!3.2 Early coastal archaeology in NSW 
Examinations of coastal archaeology in NSW have varied through time. Some of the earliest 
studies of shell middens were undertaken by geologists in NSW (such as Anderson 1890; 
Moruya to the Victorian border and David and Etheridge 1889; North Harbour, Port 
Jackson). These surveys have provided general overviews of the environmental location and 
content of the middens, with somewhat disregard for certain aspects of the sites. For 
example, Anderson (1890) states that “the heap contained no vertebrate remains of any great 
importance”, with a general inattention to the invertebrate remains, instead focusing on 
broad descriptions of site formations. However, preliminary comparisons were made 
between a number of sites investigated during this early period that spurred future 
archaeological research into coastal NSW. Into the early 20th century archaeological 
investigations focussed on ethnographic studies, with less regard for systematic site or 
material culture studies (McBryde 1986, 14–15). At this time it was often amateur collectors 
who added to the archaeological understanding of coastal NSW, such as Thorpe at Burrill 
Lake in 1931, with excavations that laid out basic site location and content (O’Connor and 
Sullivan 1994). Attenbrow notes that prior to the 1960s excavation methods were 
unsystematic and often discarded material viewed as insignificant, such as small bone 
specimens and shell materials (Attenbrow 2011). Although thorough to a certain degree, 
early site collections and excavations did not ask more in-depth questions about how the 
sites were used and how they related to the landscape context in which they were located.  
 
These studies have been built on by asking more specific questions of coastal deposits and 
the utilisation of scientifically based analyses. However the occupation of the coast and the 
use of coastal resources was seen to be marginal in terms of human history and evolution 
(such as Cohen 1977; Koloseike 1970; Osborn 1977; Parmalee and Klippel 1974) whereby 
populations ignored the marginal coastal habitats generally until the Holocene, and this 
changed only when forced to do so via dramatically increased population density and 
resource stress (as discussed by Ambrose 1967; Bailey 1975; Erlandson 2001). 
  
Some of the specific issues that were being addressed, particularly during the 1960s and 70s, 
included assessment of population density and reconstructing past diets (such as Bailey 
1975; Stockton 1977). Although these studies began to build a chronology of coastal 
economies in NSW, they largely focused on how many people were utilising middens. This 
is a useful starting point, however broader questions need to be asked of these deposits in 
order to gain an understanding of hunter-gatherers in this region.  
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!3.3 Economic and ecological studies  
Building on these early baseline studies of coastal economies in NSW, analyses have 
broadened to encompass economic and ecological examinations of coastal sites. The 
analyses of the subsistence economies of coastal hunter-gatherers became prevalent in the 
1970s and 80s and were based around detailed regional studies, such as Megaw in the 
Sydney region (1968b, 1968a, 1993, 1965), Lampert at Durras in southern NSW (1966) and 
Dean Jones (1990) along the Newcastle coastline. These regional surveys were focused on 
assigning initial archaeological and cultural significance to a site, however they have enabled 
further comparative research to be undertaken. Stockton’s 1977 study of sites along the 
central NSW coast examined similarities and differences between sites based on 
environmental rather than cultural factors (Stockton 1977, 26). Stockton outlines these 
differences being due to habitats located in these different areas, the south coast middens 
were on rock platforms at the ocean shore (relative to proximity to marine resources) all with 
an aspect that protected them from ocean winds. The central coast middens were similarly 
located mostly on rock platforms however they were found to be at a variety of water 
sources, from creeks, to bays and beaches. Orientation of the site did not seem to form a 
pattern throughout the middens as it did with the south coast sites, which could be due to the 
variety in location of the deposits (Stockton 1977). This regional comparison demonstrates 
how an ecological approach is important to gain an understanding of how past hunter-
gatherers interacted with their environments.   
 
Ecological examinations relate the use of the landscape by coastal hunter-gatherers to marine 
ecosystems while also examining potential human impact on these environments. 
Comprehensive zooarchaeological analyses of shell middens are vital to coastal archaeology 
in NSW to build a broader database for comparison with regionally specific datasets as they 
facilitate greater understanding of how people interacted with their environment through the 
subsistence economies that are represented in these deposits. The use of quantitative data in 
these studies also permits them to be used in any future consideration of the nature of human 
interaction with the coastal landscape. The works of both Sullivan and Attenbrow utilise this 
type of data in their regional comparisons of the archaeology of coastal NSW. 
      
3.4 Regional and terrestrial comparisons 
The economic and ecological studies of coastal NSW have been founded on relating these 
coastal sites to terrestrial sites, thereby revealing more complex interactions between hunter-
gatherers and their environments during the Holocene. Sullivan’s study looks at human 
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!environment interactions and how this relationship shifted through time. Attenbrow’s study 
of Port Jackson in Sydney takes a multidisciplinary approach through examining both the 
archaeological and historical records against one another (Attenbrow 2011, 2010a, 2010c, 
2010b, 1993; Attenbrow and Steele 1995; S. Colley and Attenbrow 2012).  
 
Sullivan examined 800 shell middens in coastal NSW with a focus on the relationship 
between contents, location and environment. An important aspect of this regional study was 
a comparison of the middens to observe how the specific landscape of an area informs how 
the site and environment had been used (Sullivan 1982). A division was demonstrated 
between shell middens north of Sydney and those that are located south of this region. 
Sullivan found the former to be sites that are characteristically estuarine in terms of their 
location, as well as being found on beaches (Sullivan 1982). In comparison, the latter are 
predominantly rocky shoreline middens, and Sullivan states that these economies were 
heavily dependent on both shellfish and fish, with both north and south added to this 
emphasis on marine taxa with a wider use of terrestrial resources (Sullivan 1982). Although 
there are variances from these broad categories within these regions, Sullivan initiated a need 
for critical examination of shell middens in relation to the ecological and environmental 
contexts in which they are located, and how this changes throughout NSW. As echoed by 
Hiscock, Sullivan’s use of rich archaeological data demonstrates that coastal economies 
changed throughout the Holocene based on time and place (Hiscock 2008, 181).  
 
Attenbrow’s extensive investigation of marine resource use in the Holocene in Port Jackson, 
Sydney, offers a valuable regional dataset and comparison for coastal economies in NSW. 
Attenbrow compares the environment of this area against the archaeological record in order 
to demonstrate pattern of subsistence strategies and how they vary chronologically and 
temporally (Attenbrow 2011). Both terrestrial and marine ecosystems are present within the 
study area, with the sheltered estuarine waters providing abundant marine resources as well 
as the forest, woodland and mangrove environments offering terrestrial resource exploitation 
(Attenbrow 2011). This potential is reflected in the cultural material recovered from the sites 
investigated, with shell-dominant deposits that also contain terrestrial and marine animal 
bone, as well as tools made from stone, shell and bone (Attenbrow 2011, 1993).  
 
Attenbrow is critical of the historical record, stating that “the rich archaeological evidence 
for shellfishing contrasts strongly with the limited observations of shellfish collecting in the 
historical record” (Attenbrow 2011, 476). This demonstrates that a multidisciplinary 
approach is necessary in order to gain a more holistic understanding of coastal economies. 
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!Although fishing is recorded as the dominant subsistence strategy during the more recent 
past based on historical records, the archaeology demonstrates the abundance of molluscs 
(Attenbrow 2010c). This is not to say that there was a single economic emphasis within the 
Sydney region, and there are examples where fish were still found to be an important part of 
hunter-gatherers diet, with Vaucluse and Balmoral beach providing principle archaeological 
evidence for fish species caught or eaten in Port Jackson (Attenbrow 2011, 2010a; S. Colley 
and Attenbrow 2012). Sparidae (snapper and bream) were the most common recorded 
species, alongside other species such as Carangidae (trevally), Labridae (groper and wrasse) 
and Monacanthidae (leatherjacket) and Platycephalidae (flathead). These taxa are 
comparable with other excavated sites along the NSW coastline, such as Disaster Bay 
(Colley 1997), Kurnell (Irish 2010) and Durras North (Lampert 1966). Terrestrial and marine 
mammals bones discarded during Aboriginal use of the sites have been recorded as being 
relatively few. However this does not mean that these bones were not present, they are often 
difficult to see prior to excavation due to the large amount of molluscs (Attenbrow 2011, 
472). This is why systematic excavations are important as a more comprehensive picture of a 
site can be gained. Even with the use of these systematic methods little evidence for marine 
mammal and reptile remains were found in Port Jackson. Attenbrow lists whale bone as 
having been found at Curracurrang by Megaw in 1968 as well as a small amount of dugong 
bones at Sheas Creek (Attenbrow 2011).     
 
The archaeological data presented by Attenbrow (2011, 2010a, 2010c) provides a 
comprehensive picture of the use of marine resources by Aboriginal people living in coastal 
Sydney. This contrasts with the historical record that describes the principle subsistence as 
fishing, clearly the range of resources exploited was much wider. Attenbrow compares the 
archaeological evidence to the historical record and sets this against the changing 
environmental conditions over time in order to broaden the understanding of the lives of 
Aboriginal people living in coastal NSW. Both of these studies compliment each other as 
they build on the quantitative datasets of shell deposits in southeastern Australia while also 
providing qualitative data on how the hunter-gatherers of these regions interacted with their 
environment and how this may have changed spatially and temporally. Attenbrow’s 
comparative use of the historical data adds another layer through demonstrating how bias in 
the examination of coastal economies, such as early Europeans almost exclusion of mollusc 
collection from the record, can significantly alter results. Therefore it is important to take an 
analytical approach that can be used to further examine the archaeological, ecological and 
historical data in order to produce robust datasets.     
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!3.5 Summary 
These strong research based developments demonstrate that an interdisciplinary regional 
approach is important in order to gain an understanding of hunter-gatherers in the Holocene 
along coastal NSW. A focus on using in depth analyses of faunal remains as the concrete 
basis from which to expand on human environment interactions is vital for the progression of 
the archaeological understanding of coastal NSW. This has only been developed relatively 
recently and can strongly inform researchers on the palaeoecological, archaeological and 
historical evolution of hunter-gatherers behaviour as well as marine ecosystems, as it has 
done in places such as California (Braje et al. 2017; Erlandson and Braje 2007; Erlandson et 
al. 2015; Rick et al. 2005). The work of Sullivan and Attenbrow is fundamental for a future 
focus on furthering these studies. The case study of the Birubi shell midden aims to 
complement these studies through adding to this dataset that can be used in comparison 
against other sites to further examine the subsistence economies of the hunter-gatherers of 
the late Holocene along the NSW coast. Chapter 4 sets Birubi within its environmental 
context with an examination of the excavations undertaken on the site by Dyall in the 1970s.   
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!Chapter 4: The Study Area and the Birubi Site !
4.1 Introduction 
This chapter outlines what is already known about the Birubi site, including its location, 
surrounding environment and previous excavations. An overview of coastal archaeological 
studies surrounding Birubi is presented, which includes the excavations undertaken in the 
1970s at the site. The methodology and analyses from the excavations are laid out as well as 
the preliminary results. How this information can be used to further the study of this area is 
examined to support the analysis of Chapter 5.       
 
4.2 Birubi 1978–79 excavations 
The Birubi shell midden was excavated in the late 1970s on the NSW coast. This site is 
located on the east coast of Australia, approximately 50km north of Newcastle, and was 
initially identified and consequently excavated by Prof. Len Dyall, then of the University of 
Newcastle. At the time of the initial excavation, the Birubi site was in danger of destruction 
from storm activity and human development of the area. Dyall undertook this research as a 
rescue excavation, after contacting National Parks and reporting the sites location. The 
traditional owners of the area surrounding Birubi are the Worimi people. Dyall’s 2004 
report, The Aboriginal Middens at Birubi, is extremely informative and detailed, and 
provides an initial characterisation of economic trends of the Worimi people through time, 
much of which can be expanded upon to enable a more accurate assessment of the site within 
its specific regional context.   
 
4.3 Birubi’s regional environmental structure 
The Newcastle coastline offers diverse ecosystems, from extensive beaches and protected 
bays to estuaries, forests and freshwater marshes. These environments would have provided 
Aboriginal hunter-gatherers of the late Holocene with abundant resources to support 
occupation, including food and raw materials for tool manufacture. The inland estuarine and 
fresh water marshes and mangrove swamps of Tilligerry Creek were rich and varied 
ecosystems. The roots of the Avicennia (grey mangroves) play a vital role in this ecosystem, 
providing substrates for fish to lay their eggs and grazing sites for molluscs and 
Malacostraca (crabs and crayfish) (Keith 2004, 236–37). Pyrazus ebeninus is a mollusc 
species that is commonly found in both modern mangrove flats and archaeological deposits 
associated with them. At low tide, this species can be found on the mud flats in the thousands 
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!(Bennett and Dakin 1992, 191–92). This species would have provided an abundant resource 
for Aboriginal hunter-gatherers and the local populations use of this species as a food 
resource is reflected in the archaeological record through the shell middens at Tea Gardens, 
on the north side of Port Stephens (Brayshaw 1988; Dallas 1982). The protected bay and 
rocky headlands of Port Stephens to the immediate north of Birubi, as well as the extensive 
sandy dune systems all along Stockton beach to the south of the site, would have also 
supported abundant wildlife in these other areas (see Figure 4.1 for geological map of Port 
Stephens). The rocky headlands and open beach dunes of this region currently sustain 
grasslands that are important habitats for nesting seabirds, namely Puffinus spp. 
(shearwaters) in this region (Keith 2004, 106–7, Pizzey and Knight 1997, 72–77). Rocky 
headlands also support a wide range of mollusc species such as Neritidae (nerites), Patellidae 
(limpets) and Turbinidae (turbans) (Bennett and Dakin 1992, 179–89). The abundance of 
these ecosystems is reflected in the archaeological record of Aboriginal sites found along the 
Newcastle coastline; both close to shore and further inland, as recorded by Dean-Jones 
(1990).  
 
This coastline offers a range of diverse ecosystems that would have provided opportunities 
for subsistence economies in the late Holocene. Dyall states that there are hundreds of 
known (though often unrecorded) sites, and likely more that have not been found or have 
already been destroyed by storms and development (Dyall 2004, chap. 13). An example of a 
site that demonstrates the advantageous use by the local population of the diverse 
environments of the area is Uralla, located on the ocean beach (recorded by Dean-Jones 
1990) (see Figure 4.2). The majority of mollusc material found in the ten mounds at this site 
was the bivalve Plebidonax deltoides (pipis). However estuarine species Anadara trapezia 
(cockles) and the gastropod Pyrazus ebeninus (mud whelks) were also present, and in some 
areas A. trapezia represented 20% of the total taxa represented within the site (Dyall 2004, 
131–32). P. deltoides would have only be found on sandy beaches, while P. ebeninus are 
found in estuarine mudflats and in mangrove swamps. A. trapezia crosses over these habitats 
and is found intertidally, in shallow mudflats, sand and seagrass. This demonstrates that the 
Worimi people of this area took the opportunity to exploit multiple habitats offered by this 
coastal for their own resources. The site of Fern Bay, located on the Hunter estuary and 500 
metres from the ocean beach, yields mostly estuarine mudflat and intertidal, sand and 
seagrass species (such as A. trapezia and P. ebeninus). Additionally, a small amount of P. 
deltoides was found, although no fishbone recovered (Dyall 2004, 138–40). This again 
demonstrates use of a range of habitats available to Birubi at the northern end of Stockton 
beach, and how they were exploited by the hunter-gatherers along the Newcastle coastline. 
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!Figure 4.1 Geological map of habitats surrounding Port Stephens at a scale of 1:100 000 (Matston and Chesnut 1975)  
32
!Figure 4.2 Map of Birubi’s location within the regional context of Port Stephens and the 
southeast coast of Australia. 
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!4.4 Birubi’s local environment 
The midden at the Birubi site was nestled in a rocky outcrop at the northern end of 
Stockton beach that created a protected area, locally known as Little Beach (see 
Figure 4.2). This location would have provided protection as well as access to a 
diverse selection of ecosystems, gathering P. deltoides from the beach and molluscs 
and fish from the reefs, as well as obtaining a diverse range of reptiles, mammals, 
birds and plant species from the immediately accessible extensive dunes and forest 
along the beach (Dyall 2004, 129). This is reflected in the diverse range of species 
recovered from the excavations at Birubi and the diversity of their known habitats.  
 
The flora immediately surrounding the site was varied and would have provided the 
local population with shade and protection from the wind, as well as offering a variety 
of resources. The area recorded in Dyall’s excavation as Trench D (Figure 4.3) would 
have been a highly vegetated dune in the late Holocene (McDonald 1978 in Dyall 
2004). The dune was abundant with Banksia integrifolia (Coastal Banksia) and 
Leptospermum laevigatum (Coastal Tea Tree) as well as small bushes of Lencopogon 
sp. (Whitebeard 1978). This coverage continued away from the shoreline with a forest 
of Melaleuca quinquenervia (Broad-leafed Paperbark) on the lower dunes and 
Angophera costata (Rusty Gum) and Banksia serrata (Old Man Banksia) covering the 
higher sand dunes (McDonald 1978 in Dyall 2004, 224–230). This vegetation of 
varying size and species would have produced and supported a wide range of 
terrestrial food for the occupants of Birubi, such as Macropus (wallaby) and small 
mammals such as Dasyrus spp. (quoll) and Potorous spp. (potoroo)"(Menkhorst and 
Knight 2001)."The rocky headland of the site is the preferred habitat for Puffinus spp. 
when they are nesting (Campbell, Woods, and Leseberg 2015, 13). These birds could 
have provided an easy source of subsistence during this season. This access to both 
scrub, forest and rocky headland environments would have created plentiful 
ecosystems for collecting and hunting terrestrial food alongside the abundant and 
accessible marine taxa, while also providing protection from the elements (Dyall 
2004, 6).         !
 
Dyall states that Birubi would have had an easily accessible water supply, with 
extensive swamplands located within a few hundred metres of the site. Dyall also 
notes that, after rain, water was seen to gather in a swale between Little Beach and 
Area D (Dyall 2004, 4–5).  
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Figure 4.3 Site map of Birubi in 1977 before excavation in (adapted from Dyall, 2004) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.5 Birubi excavation site 
Dyall recorded midden deposits covering an area of four to five hectares on first 
visiting the site in 1963, (approximately 50 000 square metres). The site contained 
several middens with apparent different levels of occupation, offering a range of taxa. 
The most extensive midden extended across the low sand hills about 150 metres back 
from Little Beach (Dyall 2004, chap. 1). This was subsequently labelled Area D upon 
excavation in 1978 (see Figure 4.3). Since these excavations were undertaken, Area D 
has been significantly disturbed by storms and construction of roads and car parks.      
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By 1979, Area D had been heavily disturbed, and only areas labelled Area AB and 
Area C remained (although they were subsequently destroyed by violent storms in 
2002). The shell deposit extended for about 150 metres along the beach as an 
uninterrupted scatter, with depth of midden deposit largely reaching 10–30cm below 
surface. Area AB was a small midden located at the southern edge of the main 
headland. Upon excavation it was apparent that this deposit differed from the others 
in that it contained large quantities of fish bone as well as shell. The third midden 
excavated was Area C. This was located behind the AB midden on the main headland 
and contained mostly P. deltoides (Dyall 2004, chap. 1).   
 
Dyall recorded two other sections of the site that were not excavated due to 
destruction prior to the project starting (see Figure 4.3). Area F was located behind 
Area D on the low sand dunes. This consisted of a small scatter of broken P. 
deltoides, but many stone artefacts. Area E, east of Area D, was destroyed prior to 
1963. Here on the rocky shore of Morna Point (see Figure 4.2 and 4.3) it is notable 
that, unlike the other midden deposits, scattered species of Ranellidae (tritons), 
Turbinidae and Muricidae (cartruts) were found, and few P. deltoides were recorded 
(Dyall 2004, 4–5). These spatial variations across the middens conceivably relate to 
differential access to habitat zones, as well as distinctive processing and discard. 
These differences potentially point towards a different date for this part of the site.              
 
4.6 Overview of the excavations of Birubi by Len Dyall 
4.6.1 Methodology 
Three areas were excavated in 1978 and 1979, which were chosen based on previous 
surface collections as well as collections of the material that was exposed by erosion 
in the area. The excavation areas were chosen to avoid previous disturbance to the 
site, with destruction having occurred due to storm activity or construction work in 
the area. Prior to the commencement of excavation, material was hand collected from 
the surface of the entire site by Dyall. Excavations of Area AB and Area C took place 
in 1978 and Area D in 1979, with Dyall as the excavation’s Director and Boris and 
Sue Sokoloff as Assistant Directors (Dyall 2004, 30). The surface deposits were 
irregularly distributed and were deemed to go to a maximum depth of 5cm – they 
were therefore consistently removed at this level. The excavation occurred in arbitrary 
spits of 10cm each, referred to as ‘Levels’ (Dyall 2004, 33). The surface (0–5cm 
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!depth) was labelled Level 0, Level 1 was a depth of 5–15cm, and Level 3 was a depth 
of 15–25cm, with subsequent levels similarly labelled by 10cm increments. (Dyall 
2004, 33). 
 
The material was removed by trowel within one by one metre squares. The recovered 
sediment was wet sieved through a 1/16inch (approximately 1.6mm) mesh and hand 
sorted into categories of stone, bone, charcoal, shell and ‘special finds’ (which 
included worked shell and shell fishhooks). Initially flotation was used in an attempt 
to recover more material, however this approach was soon ceased as the yields from 
flotation were disproportionate to the amount of labour required (Dyall 2004, 36–37). 
Dyall conducted identification of the material between 1979 and 1995. Shell 
fragments were discarded after being re-sorted. Dyall states the quantity of these 
fragments “…was so large that only small samples of it were lodged with The 
Australian Museum; the rest of it was not retained” (Dyall 2004, 36). These samples 
are still lodged with The Australian Museum.           
 
4.6.2 AB midden 
Excavation of the AB midden took place in 1978, with the additional small trench in 
Area C occurring in the same year. Midden AB differed from midden D in that it 
contained large quantities of fish bone among the shell and is the principal location 
from which the fish-hooks were recovered. The deposit went down to around 95cm, 
and a calibrated radiocarbon date of 541 cal BP was obtained from 75–85cm below 
surface, using a random sample of 37 intact P. deltoides (Figure 4.4). Although both 
uncalibrated and calibrated ages were provided by Dyall in his initial report (Dyall 
2004, 47), this date has been recalibrated for the purpose of this thesis to account for 
any changes in calibration methodology post 2004 (following Reimer et al. 2013). It 
should be noted that this was also done for the Area C and Area D middens. Four 
stratigraphic units were identified following excavation and can be briefly described 
as follows (Figure 4.4): 
- Black layer: shell rich  
- Grey layer, about 10cm: paucity of shell 
- Below 25cm: soil patchy in colour, usually from yellow to brown 
- Below 75cm: yellow sand 35cm thick, scarce in cultural material 
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!Area AB is rich in shell as well as fish bone, but not in stone material. The excellent 
state of preservation of the bone suggested a more recent midden deposit, which was 
supported by the radiocarbon dates (Dyall 2004, 41–47).   
 
Table 4.1 AB midden - Details of P. deltoides sample taken for radiocarbon dating with 
uncalibrated and calibrated dates (calibrated by the author of this thesis following Reimer et 
al. 2013)  
Depth 
(cm) Lab Code Sample 
14C Age 1σ Cal Age BP 
2σ Cal 
Age BP 
Median Cal 
Age BP 
75 - 85 SUA-1160 P. deltoides 940 ± 90 464 - 637 317 - 707 541 
Calibration data from CALIB 7.0.4, Marine04, ΔR = 3±69  (Ulm 2006); calibration datasets (Hughen et al. 2004) 
 
Figure 4.4 Stratigraphic drawing of square A2 from the AB midden with location of 
P.deltoides sample taken for radiocarbon dating. Square measures one by one metre.  
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!4.6.3 C midden 
Area C contained material to a depth of approximately 15-25cm below surface, and 
was dated to 1345 cal BP, using a random sample of 15 intact P. deltoides (Figure 
4.5). Dyall notes that the P. deltoides shell used for this radiocarbon date was taken 
from 10cm below surface, and therefore the date of first occupation will be slightly 
older (Dyall 2004, 49). The excavation of Area C demonstrates one continuous 
occupation layer; dark black soil as well as shell overlying yellow sand (Figure 4.5). 
This area was rich in shell, as well as bone, with some stone material (Dyall 2004, 
47–50). This is similar to the AB midden and due to the close proximity of these 
deposits there is a possibility of a correlation between them.  
 
Table 4.2 C midden - Details of P. deltoides sample taken for radiocarbon dating with 
uncalibrated and calibrated dates (calibrated by the author of this thesis following Reimer et 
al. 2013)  
Depth 
(cm) Lab Code Sample 
14C Age 1σ Cal Age BP 
2σ Cal 
Age BP 
Median Cal 
Age BP 
15 - 25 SUA-1160 P. deltoides 1790 ± 80 1246 - 1463 1122 - 1574 1345 
Calibration data from CALIB 7.0.4, Marine04, ΔR = 3±69  (Ulm 2006); calibration datasets (Hughen et al. 2004) 
 
 
 
Figure 4.5 Stratigraphic drawing of square C1 from the C midden with location of                 
P. deltoides sample taken for radiocarbon dating. Square measures one by one metre.  
 
  
 
 
 
 
 
 
 !  
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!4.6.4 D midden 
Area D is referred to by Dyall as the ‘main’ midden. In 1974, a Cyclone destroyed 
much of Area D, and in 1979 most of Area D was further damaged by a severe gale, 
with only a small part of it remaining for excavation. The deposit was dug to about 
30cm below surface, and was dated to 1447 cal BP, using a random sample of 30 
intact P. deltoides from 15–17cm below surface (Figure 4.6). The stratigraphy was 
difficult to establish – similarly to the AB area, however, several stratigraphic units 
were able to be outlined (Figure 4.6): 
- Brown soil: covered with a continuous layer of compacted shell  
- Below 15cm: light-brown sand 
- Below 20cm: sterile yellow sand  
Fish bone was uncommon in Area D. The midden was a compacted mass of shell 
(mostly P. deltoides), with the deposit also containing significant amounts of flaked 
stone.   
 
Table 4.3 D midden - Details of P. deltoides sample taken for radiocarbon dating with 
uncalibrated and calibrated dates (calibrated by the author of this thesis following Reimer et 
al. 2013)  
Depth 
(cm) Lab Code Sample 
14C Age 1σ Cal Age BP 
2σ Cal 
Age BP 
Median Cal 
Age BP 
15 - 17 SUA-1160 P. deltoides 1895 ± 70 1331 - 1539 1263 - 1676 1447 
Calibration data from CALIB 7.0.4, Marine04, ΔR = 3±69  (Ulm 2006); calibration datasets (Hughen et al. 2004) 
 
Figure 4.6!Stratigraphic drawing of square D1 from the D midden with location of                 
P. deltoides sample taken for radiocarbon dating. Square measures one by one metre. 
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!4.7 Summary 
Dyall’s systematic excavations of the Birubi shell midden provide an invaluable 
framework for further analysis of coastal deposits from the NSW coastline. The works 
of Dean-Jones, as well as that of Dyall himself, have been the most extensive studies 
along the Newcastle coastline (Dean-Jones 1990; Dyall 2004). Although there are 
other studies and excavations that have been done in this area (including Stockton 
1977 and Sullivan 1982) there is a need for more quantitative analyses with published 
results to fill remaining knowledge gaps regarding the area. The Birubi shell midden 
provides an ideal case study for examining the ecology and subsistence strategies of 
the hunter-gatherers of coastal NSW. The diverse taxa that have been excavated from 
the site and the range of radiocarbon dates linking this material and its use to various 
stages of possible occupation, offer particular insight to the local area and its 
population. This information can be used to further the study of this area through 
creating a detailed faunal record of the deposits found near Birubi and comparing 
them against the changing local ecology and environments in order to develop a 
greater understanding of hunter-gatherer economies in coastal NSW. The material 
will be quantitatively analysed in the Chapter 5 and results of this evaluation 
presented. 
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!Chapter 5: Methodology and Results  
!
5.1 Introduction 
This chapter will outline the methodology used and the results from the analysis of a 
sample of material from the Birubi midden. The Number of Identified Specimens 
(NISP) was 47,595, a Minimum Number of Individuals (MNI) of 22,318, the total 
analysed material weighing approximately 80kg. As was common practice at the time 
that this midden was excavated a portion of the shell fragments were discarded after 
being re-sorted (Dyall 2004, 36). Although Dyall recorded the NISP and species from 
this discarded material, which has been included in this analysis, it must be 
acknowledged that without re-analysis these results may miss some fine scale 
identification. Due to the large amount of material this project re-examines only part 
of the Birubi midden. The squares chosen from each trench are representative of each 
excavation area. Square A2 contains a large amount of fish, mammal and bird bone as 
well as worked and unworked shell. Square C1 provides evidence for older 
occupation of the site in a different area to D and is rich in shell and bone. Area D is 
the main midden and was located separately from AB and C set back from the beach. 
Given the volume of the material this approach provides a robust indication of the full 
site sequence. 
 
The material analysed from three middens, A, C and D, (as well as the 
anthropogenically modified taxa from all squares) represents a diverse use of marine 
and terrestrial resources at the Birubi site over a long period of time. A wide array of 
mollusc species is represented, the majority of which are economically viable and 
would have been easily accessible from the immediate site environ. Although the vast 
majority of the taxa recovered from the Birubi excavations was mollusc (96% MNI), 
fish (<3% MNI), bird (<1% MNI), mammal (<1% MNI) and reptile bone (<1% MNI) 
were also present. Although the animal bone represents a smaller percentage of the 
taxa found in these squares, it is significant as this material demonstrates that the 
hunter-gatherers of Birubi were exploiting a range of resources, from both marine and 
terrestrial environments. The squares from each of these middens have been analysed 
separately due to the different stratigraphic sequences and radiocarbon dates (refer to 
Chapter 4).     
 
Plebidonax deltoides and Lunella torquata specimens were identified as having been 
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!anthropogenically modified based on a range of morphological characteristics 
consistent with the ethnographic and archaeological literature on shell technology. 
These modifications were present in all three squares for P. deltoides, while utilised 
L. torquata was found only in square A2. P. deltoides were identified as possibly used 
for scraping hard surfaces, such as hide or wood, due to characteristic edge damage 
(following Cuenca-Solana et al. 2013; Harris et al. 2017; Weston et al. 2017).  
L. torquata were identified as used to make shell fish hooks. Specimens of this taxa 
were present from each manufacturing stage, shell blanks, and partially finished 
hooks as well as refined tools, which is consistent with archaeological and historical 
records of these tools found in NSW (as outlined by Attenbrow 2010a, 2010b, Colley 
and Attenbrow 2012). Another form of organic technology identified from the 
material analysed was bone points. These sharpened points have been attributed to 
hunting fish, as points on spearheads (for example Brockwell and Akerman 2007; 
McCarthy 1940; Megaw 1968). The location of these points alongside the fish bone 
lends some support to this use of these tools. The use of these taxa for both sustenance 
as well as technology demonstrates that faunal material served multiple economic 
purposes in the Holocene.  
 
This chapter will outline the methodology that was followed to analyse the material 
from the Birubi shell midden. A presentation of the results will be given based on a 
comparison of the quantitative data across the three squares in relation to the 
composition of the assemblage, habitat analyses, and taxonomic richness and 
diversity.    !!
5.2 Methodology 
Analysis of the shell and faunal material was undertaken at the Australian Museum 
anthropology laboratory. Squares A2, C1 and D1 were chosen for this analysis. These 
squares were chosen based on the review of the available site reports and analyses as 
they each represent a different chronological period of midden deposition, as well as 
the large and diverse amount of material excavated from them. This is a purposeful 
sample selected as an attempt to establish a more representative model of overall 
trends in the data. Squares A2, C1 and D1 have been treated as separate depositional 
events, and are therefore analysed separately to establish the trends in economic 
structure within and between each excavation area. Ideally all material from all 
squares would be re-analysed in its entirety, however due to the large quantity of 
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!material and time constraints this was not possible for this thesis. The data was 
recorded on an Excel spreadsheet created by the author. 
 
5.2.1 Mollusc - Identification and Quantification  
The shell from each square was identified down to the lowest taxonomic level 
possible using published sources (Beechey 2016; Lamprell and Whitehead 1992; 
Lamprell and Healy 1998; Wilson 2002) and the comparative collection available at 
the Australian Museum. These identifications were then checked against the World 
Register of Marine Species (WoRMS) to ensure consistency in the nomenclature 
(WoRMS Editorial Board 2017). A conscious decision was also taken to be 
conservative in identifications to avoid making identifications by association 
(Wolverton 2013). In his previous analysis, Dyall had already identified the large 
majority of the molluscan material (Dyall 2004), therefore much of this process 
involved checking Dyall’s initial identifications, which proved to be very accurate. 
The condition of all shell material was examined for fragmentation, burning, 
weathering, boring and adhesions to inner surfaces (caused by worms) as well as the 
presence/absence of modified shell (following Szabo 2009). Where shells could not 
be identified to species, often due to fragmentation or degradation of the key 
diagnostic features used for identification purposes, they were identified to genus or 
family as appropriate. Some broader categories were also used, including 
indeterminate bivalve, indeterminate gastropod, indeterminate land snail, and 
indeterminate shell.  
 
Each taxon was quantified by MNI for each level (arbitrary spits) and separately 
analysed per square, as these represent different stages of occupations of the site. A 
specimen was considered to be able to contribute to the taxon MNI if they contained 
>50% of Non-Repetitive Elements (NRE). Bivalves were sided and the NRE included 
>50% of the umbo and beak, and the anterior and posterior muscle scars. Gastropod 
NRE included >50% of the spire, aperture, aperture lip, the umbilicus (e.g. Turbinidae 
and Naticidae), the columellar deck (Neritidae) and the calcareous opercula (Neritidae 
and Turbinidae). The Polyplacophora MNI was calculated by taking the highest count 
of either posterior, anterior or medial valves (Attenbrow and Stanborough 2009). If 
the highest count was of the medial valves this was then divided by six (Attenbrow 
and Stanborough 2009). Complete shells were counted towards the NISP and 
weighed. The MNI was therefore calculated using the greater number of the taxon-
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!specific NRE following the procedures outlined in Harris et al. (2015) .  
 
A proportion of the material excavated was highly fragmented (38% weight) and has 
not been included in the MNI due to a lack of preserved NREs. To account for this, 
total taxonomic NISP, representing the count of all material attributed to a specific 
taxonomic category were taken (see Table A1) as well as weights. Juveniles were 
recorded separately to examine collection methods and their effects on the mollusc 
species. Juveniles were identified as <15mm in molluscs that grow above this size, 
and as <5mm in smaller species, following Attenbrow (1992) and Attenbrow and 
Stanborough (2009). Shells <15mm, which were not identified as juveniles, were not 
initially identified by Dyall. For this study, these specimens were identified in order to 
ensure a comprehensive analysis of the material that did not make any preconceived 
interpretation of economic value (as in Rowland 1994). This identification was also 
performed in order to provide the full dataset that may be used to understand habitat 
choice and potentially environmental changes through time regardless of whether 
these taxa were incidentally collected or deposited.    
 
Taxa with interior epibiont adhesions and bore holes (for example caused by 
predatory worms or gastropods) are excluded from the following analyses, because it 
is likely that they were consumed by predators, such as polychaete worms, prior to 
collection, and as such do not represent human dietary remains. These represent less 
than 1% of the total assemblage (weight in grams); therefore their exclusion has 
minimal impact on the overall assemblage structure. Molluscs that demonstrate 
exterior adhesions but not interior adhesions have been included in the analysis, as it 
is more likely that these individuals were not dead when collected.  
 
5.2.2 Bone – Identification and Quantification 
The process of identification was completed in line with standard procedures in 
archaeozoology (O’Connor 2008; Reitz and Wing 2008). The bone from each square 
was identified to the lowest possible taxonomic level with reference to the 
comparative collection at the Australian Museum Mammalogy laboratory as well as 
published sources (Cohen and Serjeantson 1996; Fillios and Blake 2015) and the 
University of Sydney’s online fish bone reference collection (2016). Where 
identification to taxonomic level was not possible, general categories were used 
including indeterminate fish and indeterminate mammal. Dyall had already identified 
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!the large majority of the material, however some further identifications were needed, 
such as for the bird bone that had not been identified due to a lack of access to a 
decent comparative collection at the time. The condition of all bone material was 
examined for fragmentation, burning, weathering and the presence/absence of 
butchery marks. As above, a conservative approach was taken in identifying the 
vertebrate fauna, ensuring that taxonomic attribution was not made by association 
(Wolverton 2013). In practice, this meant that many of the specimens were identified 
to broad categories such as indeterminate mammal, particularly for non-diagnostic or 
difficult to identify elements such as ribs and vertebrae. 
 
For quantification NISP and MNI was used as well as weighing all of the material. 
MNI was calculated for each species by separating left and right-paired elements (e.g. 
femora) and using the greatest number. For fish, MNI was calculated using paired 
cranial elements —dentary, articular, quadrate, maxilla and premaxilla. No attempt 
was made to identify post-cranial elements in fish due to the difficulty in 
differentiation between species for analysts without specialist knowledge (Colley 
1990, 212–15). Mammalian, avian and reptilian skeletal elements were also grouped 
into broad body parts to calculate MNI: cranium (skull, mandible, teeth), trunk 
(vertebra, rib), forequarter (humerus, radius, ulna, scapula), hindquarter (femur, tibia, 
fibula, pelvis) and extremities (metacarpal, metatarsal, metapodial, carpal, tarsal, 
astragalus, calcaneus, phalange). However, much of this bone was highly fragmented, 
and it was therefore often difficult to identify. Therefore the MNI count for each 
taxonomic category is relatively low. To compensate for this the NISP counts (see 
Table A1) as well as overall weight per category has also been recorded  
 
5.2.3 Sampling to redundancy and nestedness 
Sample size and assemblage representativeness were analysed for each square using 
cumulative species area curves and nestedness analyses. Plotting incremental samples 
(MNI) against the number of taxa (NTAXA) should demonstrates sampling to 
redundancy at the point which increasing the number of samples is no longer 
increasing the number of species identified (Lyman 2008, 43; Lyman and Ames 
2004). The nestedness analyses demonstrate whether the material is drawn from the 
same community. If the taxa are taken from the same community, those samples with 
low richness should nest compositionally within those with higher richness. 
Nestedness temperature values gauge this association. 100 degrees means that the 
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!samples are not nested and 0 degrees means that they are entirely nested (Lyman 
2008; Ulrich et al. 2009). 
 
Squares A2, C1 and D1 have been analysed separately instead of as a whole sample to 
investigate the internal consistency of the assemblages derived from each excavation 
area. Mollusc shell and bone were analysed together as they represent different 
elements of the broader economic strategy taken from the same deposit. The squares 
were then compared against one another in the examination of the distribution of the 
taxa across the site. To examine species richness and heterogeneity NTAXA 
(richness) was used alongside the Shannon index (H), Simpson’s index (1-D) and 
Shannon’s evenness (E). As outlined by Magurran (2004) the species richness is the 
number of species in the study, Shannon index (H) is a measure of the uncertainty of 
the evenness of species in a community. The value of the index is usually constrained 
between 1.5 and 3.5, but if large numbers of species occur in samples then this index 
can occasionally surpass 4. Simpson’s index (D) indicates the probability of any two 
randomly selected individuals from an infinite population belonging to different 
species. It is usually expressed as the reciprocal (1-D) so that the index increases with 
diversity. Shannon’s evenness (E) compares the diversity in a sample to the maximum 
possible diversity. Evenness is constrained between 0 and 1. These measures 
determine the heterogeneity of a sample. The diversity indices were calculated using 
Paleontological Statistics (PAST) version 3.14 (Hammer et al. 2001).        !
5.3 Results 
5.3.1 Composition of all taxa from squares A2, C1 and D1 
Although the squares represent separate depositional events an overall composition is 
outlined here as it provides an understanding of all taxa present across the site. 
Examining the squares as a whole, 48 non-independent mollusc taxonomic categories 
(to the highest common level) were identified from 22,318 specimens (MNI), with 
84% of the material comprising Psammobiidae (Plebidonax spp., Plebidonax 
deltoides 43%), Neritidae (comprising Nerita spp., Nerita atramentosa 9%), 
Patellidae (comprising Notoacmea petterdi, Patelloida alticostata, Scutellastra 
peronii, Scutellastra chapmani 13%), Turbinidae (comprising Lunella spp., 
Umboniinae, and Turritellidae 12%), Muricidae (comprising Dicathais spp., 
Dicathais orbita, Cronia aurantiaca, Tenguella marginalba, Agnewia tritoniformis 
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5%), Polyplacophora (comprising Ischnochiton australis 2%). Smaller amounts of the 
other 42 taxa make up the remaining 16% of the material. 
 
A total 26 taxa were identified from the bone analysed and a sample size of 688 MNI, 
the great majority of which were fish (86%). The fish bones included a variety of 
local species, primarily from the Sparidae (Chrysophrys auratus 26%) and 
Chironemidae (26%) families. The remainder of the fish bone was made up of 
Labridae (Achoerodus spp. 21%), Serranidae (comprising Epinephelus spp., 
Acanthistius spp. 12%), Monacanthidae (3%), Sillago spp. (2%), Carangidae (1%), 
Salmo spp. (1%), Tetraodontidae (1%), Atractoscion (<1%), Girella elevata (<1%), 
Cnidoglanis macrocephalus (<1%), Platycephalidae (<1%), Argyrosomus japonicus 
(<1%), Mugilidae (<1%), Chondrichthyes (comprising Heterodontus portusjacksoni, 
<1%), Scorpidinae (<1%), Pomatomus saltatrix (<1%) and Rhabdosargus sarba 
(<1%). Bird was the second largest group, with only one taxon identified, Puffinus 
spp. (11%). The rest of the bone was small percentages of terrestrial mammal (7%), 
Pinniped (seal) (<1%) and Lacertilia (lizard) (<1%). Figure 5.1 demonstrates the 
composition of all of these taxa across the three squares (see Figure 5.2 for 
breakdown per square). Figure 1 demonstrates the distribution of all taxa, based on 
broad invertebrate and vertebrate categories, across all three squares combined.   
!
Figure 5.1 Comparison of % MNI of broad taxonomic categories, reptile, mammal, bird, fish, 
bivalve and gastropod, from squares A2, C1 and D1 demonstrating the overall spread of taxa 
across the entire site. 
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!All of these taxa identified from Birubi were native to the area, and as such are not 
unusual components of shell middens in this location (see chapter 4). However this 
could be due to post-depositional, taphonomic effects altering the structure of the 
assemblage, for example, bone will often break down more easily than mollusc 
remains in open archaeological assemblages. Another aspect to address is the 
differential acquisition, processing, transportation and discard operating across the 
middens. This is demonstrated through the lack of bone represented in square D1.  
 
5.3.2 Composition of the Three Assemblages  
The assemblages studied from A2, C1 and D1 (see Table A1) have a large range of 
taxa. From square A2 a total of 76 taxa were identified with 10,789 MNI. Out of these 
taxa 24 were to species (10 gastropods, six bivalves, seven fish, three mammals), two 
were to genus (fish) and 46 were family/subfamily (16 gastropods, 12 bivalves, 13 
fish, three mammals, one bird, one reptile). Mammal bone was found only in square 
A2. Six taxa were identified to subphylum or class. Apart from the Polyplacophora 
(chiton), these taxa have not been included in the MNI due to high fragmentation and 
dissolution. These taxa include Cirripedia (barnacles), Malacostraca (crabs and 
crayfish) and Spirulidae (ram’s horn), Vermetidae (worm shells) and Echinoidea (sea 
urchin). From square C1 a total of 40 taxa were identified with an MNI of 6,859. 
From these taxa 27 were identified to species (11 gastropods, five bivalves, one bird, 
one reptile, nine fish), two were to genus (fish) and seven to species (three gastropods, 
two bivalves, two fish). As with A2, Six taxa were identified to subphylum or class. 
Apart from Polyplacophora (chiton) these taxa have not been included in the MNI due 
to high fragmentation and dissolution. These taxa include Cirripedia (barnacles), 
Malacostraca (crabs and crayfish) and Spirulidae (ram’s horn), Vermetidae (worm 
shells) and Echinoidea (sea urchin). From square D1 a total of 17 taxa were identified 
to 4,670 MNI. From these taxa eight were identified to family (eight gastropods), two 
to genus (two gastropods) and four to species (one gastropod, three bivalves). No 
bone was found in square D1. Compared to A2 and C1 three taxa were identified to a 
higher taxonomic level. Apart from Polyplacophora (chiton) these taxa have not been 
included in the MNI due to high fragmentation and dissolution. These taxa include 
Spirulidae (ram’s horn) and Vermetidae (worm shells).  
 
On the whole the condition of the taxa from all three squares was found to have low 
levels of burning (<1% weight), a moderate to high degree of fragmentation 
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!(approximately 50% weight), and moderate levels of dissolution (approximately 10% 
weight). Table A1 has been separated into incidental and economic taxa. The 
incidental taxa are those that were most likely brought into the site collection as by-
products or by natural deposition (refer to Table A1). This category includes the taxa 
<5mm, juveniles <15mm, specimens with boreholes and epibiont adhesions present 
on the inside of the shell, the Cirripedia and the Vermetidae. The Malacostraca (crabs 
and crayfish) and Echinoidea (sea urchin) have also been included in this category 
due to high dissolution and fragmentation preventing more accurate identification 
impossible thereby making these categories overly ambiguous in terms of their 
potential economic importance. Juvenile shells (<15mm) made up 6% of the mollusc 
assemblage. This is not uncommon as they would have most likely been collected 
opportunistically or possible collection by accident as a part of a habitat sweeping or 
mass harvesting process. The large proportion of adult shells does demonstrate 
healthy ecosystems that were not overexploited (Szabó 2017, 782–83). Szabó (2017) 
states that it is important to be wary when examining predation pressure as this can 
vary between ecosystems. Shells <15mm, which were not identified as juveniles, 
make up 2.5% and were found only in square A2 (refer to Table A1). Evidence of 
beach rolling on this material indicates natural deposition to the site, the coastal 
storms that frequent the Newcastle coastline and that have previously damaged this 
midden fit with this hypothesis (see Chapter 4).   !
The 12 dominant taxa (combined to the highest common level) for square A2 make 
up 88% of the total 10,789 MNI. These taxa are made up of Psammobiidae (MNI 
2662, 26%), Turbinidae (MNI 1753, 17%), Patellidae (MNI 1377, 14%), Neritidae 
(1188, 12%), Muricidae (MNI 528, 5%), Polyplacophora (274 MNI, 3%), Mytilidae 
(223 MNI, 2%), Mitridae (205 MNI, 2%), Ranellidae (173 MNI 2%), Littorinidae 
(167 MNI, 2%), Veneridae (151 MNI, 1.5%), and Chironemidae (137 MNI, 1.5%). 
The remaining 12% taxa make up 1951 MNI, all at less than <1%. The 12 dominant 
taxa from square C1 make up 97% of the total 6859 MNI. These are comprised of 
Plebidonax spp. (MNI 2597, 38%), Neritidae (MNI 1375, 20%), Patellidae (MNI 
1047, 15%), Turbinidae (689, 10%), Muricidae (MNI 498, 7%), Polyplacophora (177 
MNI, 3%), Ranellidae (166 MNI, 2%), Pyrazus ebeninus (54 MNI, <1%), Trochidae 
(29 MNI <1%), Ostreidae (25 MNI, <1%), Puffinus spp. (22 MNI, <1%), and 
Sparidae (21 MNI, <1%). The remaining 3% make up 159 MNI, all at <1%. The 12 
dominant taxa from square D1 comprise 99% of the assemblage. They are Plebidonax 
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!spp. (4010 MNI, 87%), Neritidae (275 MNI, 6%), Patellidae (111 MNI, 2%), 
Turbinidae (63 MNI, <1%), Saccostrea glomerata (45 MNI, <1%), Trochidae (40 
MNI, <1%), Muricidae (30 MNI, <1%), Naticidae (18 MNI, <1%), Batillaria 
australis (10 MNI, <1%), Polyplacophora (8 MNI, <1%), Pyrazus ebeninus (7 MNI, 
<1%), and Ranellidae (7 MNI, <1%). The remaining <1% is made up of nine MNI.    
 
Anthropogenically modified faunal material was identified from across the site (see 
Table 5.1). Bone points were identified from the collection at the Australian Museum. 
The two unipoints (see example in Figure 5.3.), from midden A (levels 0 and 5) and 
one bipoint (see Figure 5.4.) from midden C (level 2) are commonly found in 
Aboriginal sites (Francis 2002; McCarthy 1940). McCarthy states that these 
“muduks” were used as points on spear heads (Dyall 2004, 83). P. deltoides valves 
were identified as being anthropogenically modified from squares A2 and D1. 66 
individuals were probably used as scrapers, 11 were identified as showing signs of 
definite use based on the presence of distinctive wear and edge damage patterns 
(Cuenca-Solana et al. 2013; Harris et al. 2015; Weston et al. 2017). This robust 
species would have been used to scrape a hard surface such as hide or wood. In order 
to examine breakage patterns created by trampling a collection of modern P. 
deltoides.! This was a preliminary experiment using 30 valves that were trampled on a 
rock surface at a sandy beach. The valves were walked over 10 times by two different 
people, including the author. This experiment demonstrated the distinct breakage 
patterns between trampling and those created by edge usewear. Figure 5.5 shows the 
clean breaks that occur more often around the umbo. Figure 5.6 is an example of a 
utilised P. deltoides from Birubi, which demonstrates the more even pattern that 
occurs from excessive wear. This wear also differs from trampling in that it occurs 
along the edge of the mollusc, with fracturing travelling horizontally across the shell 
and generally following previous fractures with repeated use as opposed to the growth 
bands of the shell demonstrated through trampling (as shown by Harris et al. 2017). A 
total of 170 shell fish hooks were identified from the A midden made from Lunella 
torquata. The date range of 541 cal BP for the this midden deposit fits in with the 
known use of fish hooks in NSW (Attenbrow 2010a). The density of shell fish-hooks 
in middens A and C correlates with the density of fish bone found in these middens 
unlike midden D that contains neither of these materials (see Figure 5.11.). The 
manufacture of fish hooks in NSW is outlined by Attenbrow (Attenbrow 2010a, 23–
24) and is consistent with the evidence found at Birubi (see Figures 5.7. to 5.10.).  
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!The use of P. deltoides and L. torquata along with the bone points provided clear 
evidence for technological use of faunal material at Birubi.  
 
 
Table 5.1 Comparison of anthropogenically modified faunal material across all middens at 
Birubi, AB, C and D. This includes bone points, utilised P. deltoides and shell fish-hooks 
made out of L. torquata 
 
Midden& Taxonomic&Identification& Type&of&modification& NISP& Weight&(g)&
AB# Indeterminate*bone* bone#point# 2# 0.3#
C# Indeterminate*bone* bone#point# 1# 0.78#
A# P.*deltoides* utilised#7#possible# 49# 273.07#
A# P.*deltoides* utilised#7#definite# 1# 6.47#
D# P.*deltoides* utilised#7#possible# 16# 112.12#
D# P.*deltoides* utilised#7#definite# 10# 69.59#
AB# L.*torquata* Shell#fish#hook# 170# 177.42#
Total&
# #
249& 639.75&
 
 
Squares A2, C1 and D1 differ in the composition of their assemblages. Both A2 and C1 
contain bone, however only A2 had mammal bone in the assemblage, with no bone 
recorded in D1 (refer to Figure 5.11). This corroborates with bone points being found in 
the A and C middens and not in D. All of the bone identified from the site was native 
species, with no introduced taxa identified. Midden D is situated back from the beach and 
rocky headland by a few hundred metres. This midden contains only mollusc material 
comprising gastropods, bivalves and Polyplacophora. The earlier date of midden D, 1447!
cal BP, could account for this difference in assemblage as well as its location, with there 
perhaps being another area for processing marine and terrestrial vertebrate material during 
the deposition of the midden deposit in this area. As A2 and C1 are situated on the 
headland and the beach, the presence of a wider range of fish and marine species is not 
unexpected. However as D1 is set back only a few hundred metres this could be a case of 
different locations for processing and discard in the earlier phase of the site or that there 
was potentially more of a focus on molluscs during this period. In addition the inclusion of 
fish hooks in the findings of the A midden alongside the large amount of fish bone 
demonstrates the incorporation of fishing into the practice of the hunter- gatherers from 
Birubi from at least 541 cal BP. Habitat variability could play a part in the differences 
between the composition of these middens as well as changes in resource exploitation 
through time.  
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!Figure 5.3 Unipoint - Bone. From A5, level 7 65-75cm below surface. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.4 Bipoint. From C2, level 2 15-25cm below surface. 
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!Figure 5.5 Sample of modern P. deltoides using in the preliminary trampling experiment – 
breakage patterns demonstrated irregularly across the growth bands   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.6 Sample of edge usewear on P. deltoides from Birubi. Square A2 level 8 75-85cm 
below surface.  
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!Figure 5.7 Shell fish-hook blanks made from L. torquata from Birubi. Square A3 0-5cm 
below surface. 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.8 Shell fish-hook, partially completed, made from L. torquata from Birubi. Square 
A2 level 7 65-75cm below surface.  
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!Figure 5.9!Shell fish-hook made from L. torquata from Birubi. Square A3 level 6 55-65cm 
below surface. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
Figure 5.10 Shell fish-hook, partially completed, made from L. torquata from Birubi. Square 
B1 level 4 35-45cm below surface. 
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Figure 5.11 Distribution of worked and unworked taxa, gastropods, bivalves, fish, mammal, reptile, fish hooks, utilised P. deltoides and worked bone. This figure 
classes the middens in their entirety as the worked material was looked at from all squares across the entire site. Only the worked items are from all squares whereas the 
unworked material is from A2, C1, D1. 
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!5.3.3 Habitat analysis  
The broad variety of taxa from all squares was identified to a range of habitats (see 
Figure 5.12.). For Square A2 the most dominant habitat categories were Intertidal/sub 
tidal-reef/rock (60.8% MNI) and Intertidal/sub tidal-sand/mud (33.1% MNI). 
Similarly Square C1’s dominant habitats were also Intertidal/sub tidal-reef/rock 
(58.7% MNI) and Intertidal/sub tidal-sand/mud (38.8% MNI). The high percentage of 
taxa from Intertidal/sub tidal-reef/rock habitats in both squares is largely due to the 
presence of Turbinidae (A2 17% MNI, C1 10% MNI) with the addition of Patellidae 
in C1 (15% MNI). The second habitat category of Intertidal/sub tidal-sand/mud is 
high in both squares due to the presence of Plebidonax spp. (A2 26% MNI, C1 38% 
MNI). This soft shore habitat category is the highest in Square D1, also due to the 
presence of Plebidonax spp., which makes up the majority of the taxa identified in 
this excavation area (87% MNI). A range of other habitats were also present, which 
make up a small percentage of each site. The categories are similar across all squares, 
however A2 and C1 include extra habitats due to a broader range of terrestrial and 
marine species present. The occurrence of bone in both of these squares adds 
terrestrial habitat categories as well as some broader marine habitats due to the 
presence of fish bone, and the addition of coastal/open ocean in A2 due to the 
presence of one Pinniped (see Figure 5.12). These were both headland middens, and 
this rocky habitat is preferred habitat for nesting Puffinus spp. (Campbell et al. 2015, 
13, Pizzey and Knight 1997, 72–77).   The location of these middens on the headland 
and closer to the beach, as opposed to Midden D’s location set back from the 
shoreline, potentially accounts for these differences.
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Figure 5.12 Comparison of habitats categories across squares A2, C1, and D1 
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!5.3.4 Taxonomic richness and diversity  
Nestedness analyses along with cumulative species area curves were carried out on 
each square rather than the site as a whole as they each represent different contexts 
with varying taxa. However the site as a whole does nest well with a low temperature 
value of 11.6°. When examined separately for the nestedness analyses, with the faunal 
material combined to the highest taxonomic level, Squares A2 (see Table A2), C1 
(see Table A3), and D1 (see Table A4) showed highly nested assemblages with 
temperature values of 15.6°, 16.8° and 18.9° respectively. This demonstrates that for 
each square the material analysed has been drawn from the same community. The 
cumulative species area curves for all three squares (see Figures 5.13, 5.14, 5.15) all 
become essentially asymptotic, also demonstrating the samples from the three squares 
have reached redundancy, and that further sampling would not increase the 
assemblage richness to a significant degree.  
 
For each square the taxonomic diversity and richness were examined using NTAXA, 
Simpson’s index, Shannon index and Shannon evenness. The NTAXA comparison 
between squares demonstrates that square A2 has an increased abundance of taxa in 
comparison to C1 and D1. Simpson’s Index (1-D) is relatively constant across all 
three middens in presenting moderate to high evenness (ranging from 0.712 - 0.897). 
This is similar to the values for Shannon index (H) (ranging between 1.3-2.15). The 
Shannon Evenness (E) values fall between 0.93-0.94 (refer to Table 5.2 for layout of 
these values). The proximity of the values to 1 demonstrates that all taxa are almost 
equally distributed. These data demonstrates the compositional heterogeneity of the 
Birubi middens. 
 
The location of squares A2, C1 and D1 in close proximity to one another with a high 
level of nestedness and richness between them demonstrates that they are comparable. 
D1 differs from A2 and C1 in terms of the overall fauna (see Figure 5.16.). This 
demonstrates that the squares are nesting due to the prevalence of invertebrate fauna, 
with A2 and C1 being closest together compositionally. Figure 5.16 shows the 
distribution of the five dominant mollusc taxa (Psammobiidae, Turbinidae, Patellidae, 
Muricidae, Neritidae) from the dominant habitats relative to fish bone as well as 
anthropogenically modified shell across the site. This figure demonstrates a clear 
correlation between shell fish hooks and fish bone. It should be noted that the 
relatively low fish count is due to excessive fragmentation of the material, preventing 
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!it from being identified to family. D1 being slightly set back from the beach compared 
to A2 and C1 being located on the headland may account for these differences. 
Another possibility is temporal changes, with D1 sitting earlier chronologically than 
A2 and C1.         
 
 
 
Figure 5.13 Midden A Square 2, Sampling to Redundancy - comparing MNI to NTAXA per 
trench 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.14 Midden C Square 1, Sampling to Redundancy - comparing MNI to NTAXA per 
trench 
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Figure 5.15 Midden D Square 1, Sampling to Redundancy – comparing MNI to NTAXA per 
trench 
 
 
 
 
 
 
 
Table 5.2 Shell - Diversity index results per Square - A2, C1, D1 
 
 
Square 
Value A2 C1 D1 
MNI 61756 20192 14714 
NTAXA 10 4 4 
Simpson's Index (1-D) 0.874 0.712 0.716 
Shannon Index (H) 2.145 1.297 1.302 
Shannon Evenness (E) 0.931 0.936 0.939 
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Figure 5.16(Distribution of Mollusc, fish bone, shell fish-hooks and utilised P. deltoides across the site 
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!5.4 Conclusion  
The material analysed from the three middens, A, C and D, at Birubi demonstrates a 
heterogeneous assemblage that was drawn from a variety of habitats over a long 
period of time. The variety of taxa represented are largely economically viable and 
would have been easily accessible from the local ecosystems. The majority of the taxa 
were mollusc (96%), however fish (<3%), bird (<1%), mammal (<1%) and reptile 
bone (<1%) were also present (see Figure 5.1). The robust mollusc taxa are 
representative of a variety of habitats consistent with those located near Birubi. This 
is corroborated by the presence of anthropogenically-modified shell and bone found 
across the site, P. deltoides and L. torquata as well as bone points. No bone was 
present in Square D1. Due to the older dating of this midden a change in exploitation 
of the area could be represented. Puffinus spp., the only bird species present, was 
found in both Midden A2 and C1. These were both headland middens, this rocky 
habitat is the preferred habitat for this species when they are nesting (Campbell et al. 
2015, 13).  This analysis of coastal foraging practices at Birubi demonstrates that the 
Hunter-Gatherers of Birubi were exploiting a range of resources, from both marine 
and terrestrial environments. The implications of this will be further discussed in the 
next chapter. !
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!Chapter 6: Discussion and Conclusions !
6.1 Introduction 
The main aim of this thesis was to establish the subsistence strategies of hunter-
gatherers on the NSW coast during the Holocene. Within this over-arching objective 
fall two further sub questions; what can this site tell us about the ecology and 
economies of the people from Birubi? As well as setting this case study within a 
broader context; how does this shell midden compare to other sites along the NSW 
coastline? The thesis has taken a quantitative analytical approach that encompasses 
the range of faunal material excavated from the deposit. A significant sample of 
47,595 NISP was examined, with an MNI of 22,318 identified, and the total amount 
of faunal material analysed weighing approximately 80kg, which adds a robust 
dataset to NSW midden deposits. This chapter explores the broader implications of 
the results of the faunal analyses from the Birubi shell midden. This thesis has 
demonstrated that through quantitative analyses of zooarchaeological material are 
integral for future environmental comparisons within site-specific contexts to provide 
detailed insights into the hunter-gatherers of the NSW coast.        
 
6.2 Key Findings 
The key findings of the faunal analysis from the Birubi shell midden can be 
summarised as follows, and are discussed in further detail below:  
 
•! Faunal material was used both as a dietary and a technological resource 
•! Changes in spatial and temporal use of faunal resources through the Birubi 
deposits 
•! Quantitative analyses of a shell midden provide robust comparative datasets 
 
6.2.1 Evidence for dietary and technological use of organic materials 
The faunal analysis of the Birubi shell midden demonstrates that there is clear 
evidence for dietary as well as technological use of organic materials. It is important 
to study these economic uses alongside one another as individual taxa may be used 
for multiple purposes (in line with the evidence provided by Attenbrow 2011, 2010a; 
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!Colley 1997; Cuenca-Solana et al. 2013; Harris et al. 2017; Szabó and Amesbury 
2011; Szabó 2008; Weston, Szabó, and Stern 2017). Anthropogenically modified 
faunal material was identified from across the site. The dietary component of the 
recovered material was assessed alongside the worked bone and shell in order to 
understand the ways in which they both contributed to hunter-gatherer coastal 
economic structures around Birubi. Usewear on P. deltoides was identified following 
the examples of Cuenca-Solana et al. (2013), Harris et al. (2015), and Weston et al. 
(2017) and in comparison with a preliminary experiment on valve fracturing. The 
dominant usewear features identified were fractures occurring along the edge of the 
shell, travelling horizontally across the shell and generally following previous 
fractures with repeated use, as opposed to the growth bands of the shell demonstrated 
through trampling. The manufacture of shell fish hooks was identified from the site 
through the examination of L. torquata hook blanks as well as refined hooks 
(following descriptions provided in Attenbrow 2010, 23–24). Three bone points were 
identified from middens A and C that have been attributed to hunting fish as points on 
spearheads (for example Brockwell and Akerman 2007; McCarthy 1940; Megaw 
1968). This range of tools demonstrates the multiple subsistence strategies of the 
hunter-gatherers of Birubi.  
 
This faunal material was also included in the overall analyses of the diet as these 
modifications are present on taxa that were also used as subsistence resources. This 
inclusion was done in order to provide a full dataset that may be used to understand 
the multiple uses of taxa across the site, as well as the potential to skew the data if the 
anthropogenically modified material was excluded. In this instance mollusc and bone 
technology were not found in large numbers, however this may not be the case in all 
sites. This examination of the representation of the zooarchaeological data of a shell 
midden as a whole is important to connect with the ecology of an area, as this can 
inform on environmental changes through time.    
 
This is demonstrated through the quantitative examination of the faunal remains from 
Birubi (see chapter 5). The analysis of squares A2, C1 and D1 from across the Birubi 
site found differential acquisition, processing, transportation and discard operating 
across the middens. From square A2 a total of 76 taxa were identified with 10,789 
MNI. Within these taxa there were 26 gastropods, 18 bivalves, 22 fish, six mammals, 
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!one bird, one reptile and Polyplacophora (chiton) was present (see chapter 5 for 
detailed breakdown to family and species level). Mammal bone was found only in 
square A2. The five most dominant taxa found in A2 were Psammobiidae (MNI 2662, 
26%), Turbinidae (MNI 1753, 17%), Patellidae (MNI 1377, 14%), Neritidae (1188, 
12%), Muricidae (MNI 528, 5%). The most dominant fish taxa was Chironemidae 
(137 MNI, 1.5%). Shell fish-hooks (n=42) and utilised P. deltoides (n=44) were also 
recorded from this square. Two bone unipoints were found in midden A. From square 
C1 a total of 40 taxa were identified with an MNI of 6,859. These taxa were identified 
to family/species within which there were 14 gastropods, seven bivalves, 13 fish, one 
bird, one reptile and Polyplacophora (chiton) was present (see chapter 5 for detailed 
breakdown to family and species level). No mammal bone was identified. The five 
most dominant taxa found in C1 were Plebidonax spp. (38% MNI), Neritidae (20% 
MNI), Patellidae (15% MNI), Turbinidae (10% MNI), Muricidae (7% MNI). The 
most dominant fish taxa was Sparidae (<1% MNI). 20 shell fish-hooks were present 
with no other utilised shell identified. One bone bipoint was found in midden C. From 
square D1 a total of 17 taxa were identified to 4,670 MNI. These taxa were identified 
to family/species within which there were 11 gastropods, three bivalves and 
Polyplacophora (chiton) was present (see chapter 5 for detailed breakdown to family 
and species levels). No mammal or fish bone was identified. The five most dominant 
taxa found in D1 were Plebidonax spp. (4010 MNI, 87%), Neritidae (275 MNI, 6%), 
Patellidae (111 MNI, 2%), Turbinidae (63 MNI, <1%), Saccostrea glomerata (45 
MNI, <1%). 26 utilised P. deltoides were identified and no other utilised shell was 
present. 
 
The high quantities of Turbinidae in squares A2 and C1 combined with the presence 
of fish and shell fish-hooks (at every stage of production) as well as bone points 
demonstrates that these areas were being used for the manufacture of fishing tools and 
processing of the fish. The lack of fish, shell fish-hooks and bone technology in the D 
midden combined with its early date demonstrates that there were spatial differences 
between the use of the site, with different locations being used for different economic 
activities. This is also seen through C1 with the lack of utilised P. deltoides found in 
this square alongside a large quantity of this species (Plebidonax spp.) without 
usewear demonstrating changing resource use across the site. The lower proportional 
representation of Turbinidae emphasises the dual importance of these species in terms 
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!of diet and as a raw material in the other midden areas. The presence of Turbinidae in 
square D1 without the occurrence of shell fish-hooks could be due differential species 
availability through time linked to minor habitat restructuring, or more likely relates 
to a shift in foraging within and between habitat zones and an increasing emphasis on 
these taxa for subsistence and tool manufacture. This corroborates with the 
introduction of shell fish-hooks made from L. torquata dated to approximately 1000 
years ago (Attenbrow 2011, 18), midden D has been dated to 1447 cal BP.   
 
6.2.2 Spatial and temporal use of molluscan deposits 
A spatial and temporal study of the Birubi shell midden was undertaken through a 
comparison of the excavation squares A2, C1 and D1. This was deemed important to 
determine whether the midden site was used differently at separate points of 
occupation, or if different areas across the site may have had different functions. The 
comparison of the similarities and differences between squares A2, C1 and D1 
demonstrate that spatial and temporal use changes across the Birubi site. These 
squares are within close proximity, with a relatively high degree of assemblage 
richness. The sample sizes drawn from the squares are representative based on the 
inspection of species area curves. The nestedness analysis indicates that for the 
overall site the taxa are being drawn from the same communities, however within this 
broader trend are key differences in taxonomic representation (as discussed in chapter 
5). What is notable is that square D1 significantly differs in terms of the overall fauna. 
These squares are similar in terms of the invertebrate, but not vertebrate fauna. This 
demonstrates that these trends are being driven by the dominance of the molluscs, 
which suggests that an investigation into the underlying assemblage structure is 
necessary to examine how and why these trends are occurring. Both A2 and C1 
contain bone, however only A2 had mammal bone in the assemblage, with no bone 
recorded in D1. This corroborates with bone points being found in the A and C 
middens and not in D. All of the bone identified from the site was native species, with 
no introduced taxa identified. Midden D is situated back from the beach and rocky 
headland by a few hundred metres. This midden contains only mollusc material 
comprising gastropods, bivalves and Polyplacophora. The calibrated radiocarbon 
dates for the site (see chapter 4) places the midden deposit represented in square D1 
as the oldest in the sequence. The inclusion of fish-hooks in the findings of the A and 
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!C midden alongside the large amount of fish bone demonstrates the incorporation of 
fishing into the practice of the hunter- gatherers from Birubi from at least 541 cal BP. 
These dates along with the location of midden D, slightly set back from the headland, 
draw together to demonstrate the possibility of a change in resource use over time. 
This data also raises the possibility of differential locations being used for a range of 
activities across the site, such as the catching and processing of fish and other 
vertebrate species.    
 
These results demonstrate that shell middens on the NSW coast have the potential for 
changes over time in palaeoeconomic structure, even within the fairly restricted and 
relatively recent time period exhibited within the Birubi deposit. As noted above, it is 
also suggested that different locations within the site were being used for various 
economic functions i.e. the AB midden area being used for the manufacture of shell 
fish-hooks as well as the processing of the fish. This type of detailed analysis has 
been undertaken by Attenbrow in the Sydney region (Attenbrow 2010a, 2011) in 
which she examines shell middens as complete deposits and how they have changed 
through time both in terms of technology and diet. The diversity of taxa found at 
Birubi is similar to that recorded by Attenbrow from Port Stephens (2011). Some of 
the most common species excavated from Port Jackson are Saccostrea glomerata 
(rock oyster) T. hirsuta (hairy mussel), N. atramentosa (black nerite), D. orbita 
(cartrut), A. trapezia (Sydney cockle) and L. torquata (large turban). Comparatively 
the Birubi midden contains significantly less S. glomerata and A. trapezia, which are 
drawn from upper estuarine habitats. This makes sense due to these species 
dominating upper estuarine deposits in Port Jackson, whereas Birubi is a coastal 
midden. Similar species of fish were found at Port Jackson and Birubi, with Sparidae 
(snapper and bream) and Labridae (wrasse) taxa dominating and a variety of species 
making up the smaller percentages of the material. The exception is the large amount 
of Chironemidae (kelpfish) at Birubi, which had the largest fish MNI count of 154. 
The shallow coastal habitat of this species demonstrates why it may have been 
represented in higher quantities at Birubi, due to the middens location on the 
headland. The fish bone recovered from both Port Jackson and Birubi occurs 
alongside shell fish-hooks (Attenbrow 2010a; Dyall 2004). Attenbrow (2011, 18) 
states that the introduction of shell fish-hooks made from L. torquata has been dated 
back to approximately 1000 years ago, with the Birubi material fitting inside this time 
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!frame at 541 cal BP. Importantly, faunal remains representative of both diet and 
technology are present at both Birubi and Port Jackson. The archaeological evidence 
for coastal subsistence from Birubi is similar to that from Port Jackson demonstrating 
mollusc and fish playing a greater role in the subsistence strategies of coastal and 
upper estuarine middens in NSW (Attenbrow 2010a, 30).   
 
6.2.3 Robust comparative analyses for contrast with regional contexts 
This thesis has noted that there has been a tendency to draw directly on ethnographic 
and ethnohistorical data for interpreting coastal shell deposits (for example Bird and 
Bliege Bird 2000; Codding et al. 2014; Klein and Bird 2016; O’Connell and Allen 
2012; Parkington 2012; Parkington and Sealy 2007; Parkington et al. 1986). 
However, there has been a relatively recent emphasis drawn by a number of 
international researchers regarding the importance of archaeological, ethnographic 
and historical records being studied together, with a focus on the quantitative analyses 
of the long-term evolution and ecology of human foraging behaviours and marine 
ecosystems (Braje et al. 2017; Briz Godino et al. 2011; Erlandson 2001; Erlandson et 
al. 2015; Erlandson and Braje 2008, 2007; Faulkner 2013; Jerardino 2010; Jerardino 
et al. 2009; Jerardino and Dewar 2007; Jerardino and Yates 1997; Szabó and 
Amesbury 2011; Wolverton et al. 2016). This inclusive, historical ecology approach, 
rather than an assumption of comparability and continuity of behaviours, can strongly 
inform researchers on the palaeoecological, archaeofaunal and historical evolution of 
hunter-gatherers behaviour as well as the environments in which they live. The 
quantitative data that has been established for the Birubi shell midden can now be 
used in comparison against these broader approaches in order to further examine the 
spatial and temporal changes across the site and how this can potentially inform on 
wider changes along the NSW coastline throughout the Holocene. 
 
Dyall’s systematic excavations of the Birubi shell midden provide an invaluable 
framework from which to build on the analysis of coastal deposits. The work of Dean-
Jones, as well as that of Dyall himself, have been the most extensive studies in the 
Port Stephens area (Dean-Jones 1990; Dyall 2004). Although there has been other 
research undertaken in this area (including Stockton 1977 and Sullivan 1982), there is 
a need for more detailed quantitative analyses to be undertaken and widely published. 
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!The quantitative and qualitative study of the Birubi shell midden aids in adding to a 
more comprehensive dataset for examining the ecology and subsistence strategies of 
the hunter-gatherers of coastal NSW. Through the quantitative analysis of Birubi it 
was found that more detailed analyses of shell midden composition, richness and 
diversity, placed within the specific environmental and ecological context of a site, 
provides for more robust comparative analyses along the NSW coastline. 
Zooarchaeological and ecological data can be used in combination to understand 
human environment interactions in late Holocene NSW, and how the nature of these 
processes shifts through time.  
 
These changes have not been widespread in Australian coastal archaeology largely 
due to the comparative paucity of focused coastal archaeological research by 
specialists (however there are exceptions such as Bourke 2001; McNiven et al. 2014; 
Morrison 2010; Rosendahl et al. 2014; Ulm 2006). The 'Mabo' Native Title case 
raised a new emphasis for the study of these coastal economies, such as the 
establishment of relationships with Aboriginal communities in relation to site 
maintenance (O’Connor and Sullivan 1994, 93). The continued development of this 
relationship between archaeologist and Aboriginal people will hopefully gain some 
positive outcomes, as it is important to work with Aboriginal groups in regards to 
preserving cultural heritage. However establishing these connections between 
Aboriginal people and coastal archaeological deposits also draws in issues of 
significance assessments in commercial work. In order to assess midden deposits 
comprehensive analyses need to be undertaken which then facilitate robust 
comparisons with other sites which would enable a deeper understanding of these 
sites and their economic and social significance to be determined. The cultural 
landscape of coastal economies is possibly intangible for archaeologists, however 
working alongside Aboriginal communities is important for acknowledging their past. 
The work of Sullivan and Attenbrow (Attenbrow 2011, 2010b, 2010a, 2010c, 1992, 
Sullivan 1987, 1984, 1982) as well as others along the NSW coast is fundamental to a 
future focus on furthering these studies and how they can be applied to ecological and 
environmental changes through time (such as Anderson 1890; Bailey 1993; Brayshaw 
1988; Colley 1997; Colley and Attenbrow 2012; Lampert 1975, 1966; Mackay and 
White 1987; Schnierer and Egan 2016; Underwood 1993). 
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!The examination of how the changes in past environments can inform those of the 
present, through the palaeoecological, archaeological and historical data is an 
important application of these types of quantitative studies through the framework of 
historical ecology. This is important because it enables researchers to model future 
impacts of past human environment interactions with the incorporation of long-term 
ecological trends derived from zooarchaeological data (Braje et al. 2017; Braje 2010; 
Erlandson 2001; Erlandson et al. 2015; Erlandson and Braje 2007; Rick et al. 2005). 
This is important in NSW due to the degree of development the modelling of past 
ecosystems is necessary. This multidisciplinary approach can be undertaken through 
applied zooarchaeology through developing discipline wide standards that would help 
facilitate consistency and allow comparisons (as discussed by Driver 2011; Harris et 
al. 2015; Lyman 2008; Peacock 2000; Wolverton et al. 2016).  
 
6.3 Directions for future research 
The type of quantitative analysis of the Birubi shell midden outlined in this thesis 
should be undertaken at a broad range of sites throughout coastal NSW to further 
expand the comparative data for this region. These types of analyses should be 
undertaken on newly excavated sites as well as applying updated methods to archived 
and museum assemblages, as this thesis has done with the Birubi material from the 
Australian Museum. This adds to the value of the museum collections through 
updating information that can be used for various educational and exhibition purposes 
as well as adding to the discipline of archaeology both academically and 
commercially. These sites should be from a range of environmental settings in order 
to establish ecological changes through time and place and set this up in the broader 
context of the variable NSW coastline. The quantitative data gathered from the Birubi 
material would facilitate future robust comparisons with the ethnohistorical literature 
as well as environmental data. The recent age of the Birubi site is not likely to provide 
a major environmental contrast however it would be useful in comparison with older 
deposits demonstrating earlier ecological changes. Stable isotopic analysis would 
provide localised, potentially finer grained environmental patterns and seasonality 
data, which could be compared against the faunal analysis from this thesis (following 
Hausmann and Meredith-Williams 2017; Ortiz et al. 2015). 
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!Another useful method for gathering more direct data from Birubi would be to obtain 
a larger number of radiocarbon dates from various stratigraphic locations of the site in 
order to establish a more robust date range. Amino Acid Racemisation in combination 
with these dates could be undertaken to investigate variability in depositional events, 
which are potentially not discernible through radiocarbon dating (Koppel et al. 2016; 
Murray-Wallace and Colley 1997). The inclusion of quantified analyses of the stone 
material is another important addition to the Birubi assemblage as it would add to the 
understanding of technological use of the site and could be compared against the 
anthropogenically modified shell to determine how these tools were being used 
comparatively.  
 
Another study that would benefit the development of the understanding of coastal 
economies in NSW is a more comprehensive experimental program investigating the 
production of faunal technologies, utilising macro and micro approaches (following 
the examples of Cuenca-Solana et al. 2013; Harris et al. 2017; Weston et al. 2017) as 
well as providing a comprehensive methodology that would enable a more 
scientifically based recognition of the manufacture stages (such as shell fish-hook 
blanks) as well as the debitage from their manufacture. 
 
6.4 Conclusion 
This thesis built on quantitative analyses of southeastern coastal studies, such as those 
undertaken by Attenbrow and Sullivan, to create a robust dataset that can be used to 
examine the regional diversity of coastal deposits. It has been shown that the 
application of these datasets through a multidisciplinary approach that combines the 
palaeoecological, archaeological and historical data will inform on the ecology and 
the environment of past subsistence economies. The results from the analysis of 
Birubi demonstrate that an examination of the diversity of taxa and their use are 
essential for future comparisons with the ecological and environmental context within 
which a site is situated to provide detailed insights into the hunter-gatherers of 
southeastern Australia. The faunal analysis of the Birubi shell midden demonstrates 
that it is important to study the dietary and technological uses of faunal remains 
alongside one another as individual taxa may be used for multiple purposes, as is the 
case with usewear on P. deltoides and shell fish-hooks created from L.torquata at 
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!Birubi (in line with the evidence provided by Attenbrow 2011, 2010a; Colley 1997; 
Cuenca-Solana et al. 2013; Harris et al. 2017; Szabó and Amesbury 2011; Szabó 
2008; Weston et al. 2017). The examination of these mollusc taxa across the site 
demonstrated changes in spatial and temporal use of faunal resources through the 
Birubi deposits. The later introduction of fish exploitation at the site established 
through the comparison of fish bone and fish-hook manufacture being present in the 
A and C middens and not the D midden.  
 
The Birubi study aims to build on quantitative analyses of southeastern coastal studies 
such as those undertaken by Attenbrow (2010c) and Sullivan (1982) to create a robust 
database that can be used to examine the regional diversity of coastal deposits along 
this coastline. The wider applications are related to historical ecology and the 
combination of archaeological and environmental studies to produce reference data 
that can be used in collaboration with ecologists and biologists (Braje et al. 2017; 
Braje 2010; Erlandson 2001; Erlandson et al. 2015; Erlandson and Braje 2007; Rick 
et al. 2005). This study has shown that through the application of analytical faunal 
data a more integrated study can be developed about the long-term evolution and 
ecology of human foraging behaviours and marine ecosystems. Such integrated 
studies can provide fresh insights into how people lived within and impacted on these 
environments and can reveal the past.   
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!Appendix - Table A1. Total assemblage by square of economic and incidental taxa. Both MNI and NISP counts are given.  
! ! ! ! ! !
Squares!
! ! !
Class!
Infraclass/!
Order/Family! Taxon! Common!name! A2!;!MNI! A2!;!NISP! C1!;!MNI! C1!;!NISP! D1!;!MNI! D1!;!NISP!
Economic!
! ! ! ! ! ! ! ! !Invertebrate!
! ! ! ! ! ! ! ! !Bivalvia& Arcidae& Arcidae& Sydney&Cockle&or&Mud&Ark& 4&
& &
&& 11&
& &
Anadara&trapezia& Sydney&Cockle&or&Mud&Ark& 1& 1& 1& 1& 4& 5&
& &
Acar&Botanica& Foliate&oyster& 1& 1&
& & & &
&
Cardiidae& Cardiidae& Heart&cockle& 2& 3&
& & & &
&
&& Vasticardium&vertebratum& Heart&cockle& 1& 1&
& & & &
&
Glycymerididae& Glycymerididae& Cockle&
& &
1& 1&
& &
&
&& Glycymeris&grayana& flame&dog&cockle& 9& 12& 2& 3&
& &
&
Hemidonacidae& Hemidonax&pictus& Cockles&or&Ark&shells& 1& 1&
& & & &
&
Lucinidae& Lucinidae& Lucine&shells& 1& 1& 1& 1&
&
&&
&
&& Nevenulora&hilaira& Hilaira&lucine& 57& 87&
& & &
&&
&
&& Myrtea&mayi& May's&Lucine& 1& 1&
& & &
&&
&
Mactridae& Mactridae& Duck&clams& 1& 1&
& & &
&&
&
Mytilidae& Mytilidae& Mussel&
& &
6& 41&
&
&&
&
&& Mytilus&planulatus& Blue&sea&mussel& 10& 31& 2& 2&
&
&&
&
&& Brachidontes&rostratus& Beaked&mussel& 86& 296&
& & &
&&
&
&& Trichomya&hirsuta& Hairy&mussel& 76& 197& 3& 4&
&
&&
&
Ostreidae& Ostreidae& Oyster& 1& 1&
& & &
81&
& &
Dimya&corrugata& Oyster& 2& 2&
& & &
&&
&
&& Saccostrea& Oyster&
& &
3& 7&
&
&&
&
&& Saccostrea&glomerata& Rock&oyster& 1& 1& 22& 67& 18& 80&
&
Pectinidae& Pectinidae& Scallops& 1& 6&
& & &
1&
&
&& Chlamys& Scallop&
& & & & & &
&
Pinnidae& Atrina&tasmanica& Tasmanian&razor&shell&
& & &
2&
& &
&
Planaxidae& Fossarus&sydneyensis& Clusterwinks& 58& 58&
&
1&
& &
&
Psammobiidae& Psammobiidae& Pipi&
&
101& &&
& &
33&
&
&& Plebidonax&spp.& Pipi& 1179& 2324& 32& 71& 354& 607&
&
&& Plebidonax&deltoides& Pipi& 1482& 2757& 2565& 6065& 3656& 7761&
Table A1 continued. & & & & & & & &
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!&
Semelidae& Theora&lata& Fragile&semele& 13& 16&
& & & &
&
Trigoniidae& Trigoniidae& Brooch&shells& 10& 12&
& & & &
&
Veneridae& Veneridae& Venus&shells& 12& 12& 3& 6& &&
&
&
&& Gouldiopa&australis& Southern&gouldia& 1& 1&
& &
&&
&
&
&& Irus&cumingii& Venus&shells& 4& 29& 2& 4&
& &
&
&& Pitar& Venus&shells& 10& 11& 1& 1&
& &Gastropoda& Batillariidae& Batillaria&australis& Mud&Whelk& 3& 3& 5& 6& 10& 10&
&
Calliostomatidae&& Astele& Top&shell& && &&
& &
2& 2&
&
Calyptraeidae& Bostrycapulus&pritzkeri& Slipper&limpet& 9& 15&
& & & &
&
Cerithiidae& Cerithiidae& Ceriths&or&creepers& 4& 4&
& & & &
& &
Cacozeliana&icarus& Ceriths&or&creepers& 13& 13&
& & & &
& &
Glyptozaria&opulenta& Opulent&screw&shell& 1& 1&
& & & &
&
Chilodontidae&& Chilodontidae&& Top&shell& && && 1& 1&
& &
&
Cocculinidae& Coccopigya&crinita& Limpet& && &&
& & & &
&
Columbellidae& Columbellidae& Dove&shells& 31& 31& && && &&
&
&
Conidae& Conidae& Cone&shells& 3& 4&
& & & &
& &
Conus&aplustre& Cone&shells& 5& 5&
& & & &
&
Costellariidae& Costellariidae& False&mitres& 4& 4&
& & & &
&
&& Austromitra&volucra& Mitre&shells& 3& 3&
& & & &
&
Cyrenidae& Cyrenidae& Freshwater&cockle& 1& 1&
& & & &
&
Fissurellidae& Fissurellidae& Limpet&
& & & & & &
&
&& Amblychilepas&nigrita& Keyhole&limpet&
& & & & & &
&
&& Scutus& Elephant&snail& 2& 5&
& & & &
&
&& Scutus&antipodes& Common&elephant&snail& 15& 23&
& & & &
&
Haliotidae& Haliotidae& abalone&
&
5&
&
37&
& &
&
&& Haliotis&spp.& abalone&
&
253&
& & & &
&
&& Haliotis&rubra& Blacklip&abalone& 29& 29&
& & & &
&
Halistylinae& Botelloides&bassianus& Bassian&top&shell& 6& 6&
& & & &
&
Littorinidae&& Littorinidae&& Periwinkles& 30& 30&
& &
3& 3&
&
&& Bembicium&nanum& striped&conniwink& 48& 48&
& & & &
&
&& Nodilittorina&pyramidalis& Periwinkle& 1& 1&
& & & &
&
&& Afrolittorina&acutispira& Australwink& 3& 3&
& & & & 
Table A1&
 
continued. & & & & & & & &
&
&& Austrolittorina&unifasciata& Periwinkle& 131& 131& 4& 4&
& &
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!&
Marginellidae& Dentimargo&mayii& May's&margin&shell& 99& 99&
& & & &
&
Mitridae& Mitridae& Mitre&shells& 58& 58& 1& 1&
& &
&
&& Mitra&badia& Dark&brown&mitre& 1& 1&
& & & &
&
&& Mitra&cookii& Mitre&shells& 146& 146&
& & & &
&
&& Mitra&solida& Mitre&shells&
& & &
&&
& &
&
&& Vexillum&acromiale& Mitre&shells& 1& 1&
& & & &
&
Muricidae& Muricidae& Cartrut&shells& 58& 164&
&
2& && 2&
&
&& Dicathais& Cartrut&shells&
& & &
102&
&
4&
&
&& Dicathais&orbita& Common&carturt& 312& 725& 476& 489& 26& 161&
&
&& Cronia&aurantiaca& Cartrut&shells& 12& 12&
& &
1& 1&
&
&& Tenguella&marginalba&& Mulberry&Whelk& 1& 1& 2& 2&
& &
&
&& Agnewia&tritoniformis& Cartrut&shells&
& &
1& 1&
& &
&
Nassariidae& Nassariidae& Dog&whelks& 19& 19&
& & & &
&
&& Nassarius&glans&particeps& Dog&whelks& 1& 1&
& & & &
&
Naticidae& Naticidae& Sand&and&moon&snails& 120& 194& 19& 34& 18& 21&
&
&& Tanea&sagittata& Moon&snail& 1& 1&
& & & &
&
Neritidae& Neritidae& Nerite&or&Periwinkle& 127& 587& 872& 1031& 159& 211&
&
&& Nerita&atramentosa& Black&Nerite& 1254& 1477& 505& 643& 116& 142&
&
Olividae& Olividae& Olive&shells& 4& 4& 3& 3&
& &
&
&& Amalda&oblonga& Oblong&olive& 7& 7&
& & & &
&
Patellidae& Patellidae& Limpet& 773& 938& 701& 766& 106& 129&
&
&& Notoacmea&petterdi& Petterd's&limpet&
& & & & & &
&
&& Patelloida&alticostata& TallYribbed&acmaeid&limpet& 19& 19& 2& 2& 4& 4&
&
&& Scutellastra&peronii& Scaly&limpet& 391& 493& 327& 331& 1& 2&
&
&& Scutellastra&chapmani& Chapman's&limpet& 6& 7&
& & & &
&
Potamididae& Pyrazus&ebeninus& Hercules&Club&Whelk&
& &
53& 70& 7& 24&
&
Pyramidellidae& Pyramidellidae& Pyramid&shells& 47& 47&
& & & &
&
Ranellidae& Ranellidae& Triton&shell& 18& 76& 65& 166& 1& 42&
&
&& Cymatium&parthenopeum& Neopolitan&triton& 138& 628& 45& 223& 6& 80&
&
Rissoidae& Rissoina&cretacea& Rissoids& 64& 64&
& & & &
&
Solariellinae& Minolia&pulcherrima& Top&shell& 50& 50&
& & & &
&
Tornidae& Tornidae& Tornids&
& &
1& 1&
& &Table A1& continued.& & & & & & & & &
&
Trochidae& Trochidae& Top&shell&
& &
1& 1&
& &
&
&& Diloma&concameratum& Wavy&Top&Shell& 26& 32& 11& 11&
&
18&
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!&
&& Leiopyrga&lineoloaris& Top&shell& 43& 43&
& & & &
&
&& Charisma&radians& Sandy&charisma&
& &
9& 9&
& &
&
Trochinae& Trochinae& Top&shell& 20& 23& 3& 3& 38& 45&
&
&& Austrocochlea&porcata& Zebra&top&shell& 39& 44& 5& 8& 2& 30&
&
Turbinidae& Turbinidae& Turban& 196& 374& 292& 238& 35& 35&
&
&& Lunella& Turban& 254& 1584& 261& 450& 18& 49&
&
&& Lunella&torquata& Heavy&turban& 201& 260& 47& 92&
& &
&
&& Lunella&undulata&& Wavy&turban&& 290& 610& 80& 112& 16& 52&
&
Turritellidae& Turritellidae& Screw&shells& 1& 1&
& & & &
&
Umboniinae& Umboniinae& Top&shell& 138& 138&
& &
1& 1&
&
&& Bankivia&fasciata& Banded&or&Silver&Kelp& 647& 647& 9& 9& 1& 1&
&
&& Ethminolia&probabilis& May's&top&shell& 26& 26&
& & & &
&
Volutomitridae&& Peculator&verconis& Mitre&shell& 1& 1&
& & & &Polyplacophora& && Polyplacophora& Chiton& 260& 2160& 177& 1852& 8& 57&
&
&& Ischnochiton&australis& Southern&chiton& 14& 52&
& & & &Vertebrate! &&
&
&&
& & & & & &Aves& Procellariidae& Puffinus&spp.& Shearwater& 49& 155& 22& 39&
& &Fish& Acanthopagrus& Acanthopagrus& Bream& 34& 39& 5& 10&
& &
&
Atractoscion& Atractoscion& Teraglin& 5& 6& 1& 2&
& &
&
Carangidae& Carangidae& Trevally& 8& 10&
& & & &
&
Chironemidae& Chironemidae& Kelpfish& 137& 315& 17& 44&
& &
&
Chondrichthyes& Chondrichthyes& Shark& 1& 1& &&
& & &
& &
Heterodontus&portusjacksoni& Port&jackson&shark& 6& 90& &&
& & &
&
Girellidae& Girella&elevata& Black&drummer& 5& 10&
& & & &
&
Labridae& Labridae& Groper/Wrasse& 76& 273& 9& 35&
& &
&
&& Achoerodus&spp.& Groper& 27& 107& 5& 15&
& &
&
Monacanthidae& Monacanthidae& Leatherjacket& 15& 48& 2& 5&
& &
&
Mugilidae& Mugilidae& Mullet& 4& 7& 2& 3&
& &
&
Platycephalidae& Platycephalidae& Flathead& 2& 3& 2& 3&
& &
&
Plotosidae& Cnidoglanis&macrocephalus& Estuary&catfish& 1& 4& &&
& & &
&
Pomatomidae& Pomatomus&saltatrix& Tailor& 1& 8&
& & & &Table A1& continued.& & & & & & & & &
&
Salmonidae& Salmo&spp.& Salmon/&Trout& 6& 7& 2& 8&
& &
&
Sciaenidae& Argyrosomus&japonicus& Jewfish& 2& 2& 2& 2&
& &
&
Scorpidinae& Scorpidinae& Sweep& 4& 4&
& & & &
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!&
Serranidae& Serranidae& Rock&cod& 32& 75& 5& 5&
& &
& &
Acanthistius&spp.& Wirrah&cod& 30& 52& 2& 10&
&
&&
&
Sillaginidae& Sillago&spp.& Whiting& 9& 12& 2& 4&
&
&&
&
Sparidae& Sparidae& Snapper/Tarwhine& 14& 146& 3& 10&
&
&&
& &
Chrysophrys&auratus& Snapper& 70& 498& 18& 134&
&
&&
& &
Rhabdosargus&sarba& Tarwhine& 4& 4& 2& 8&
&
&&
&
Tetraodontidae& Tetraodontidae& Pufferfishes/Toadfishes& 7& 10&
& & &
&&
Mammalia& Dasyuridae& Dasyrus&maculatus& Tiger&quoll& 1& 3&
& & &
&&
&
Petauridae& Petaurus&breviceps& Sugar&glider& 1& 1&
& & &
&&
&
Pinniped& Pinniped& Seal&or&sea&lion& 1& 1&
& & &
&&
&
Potoroidae& Potorous&tridactylus& LongYnosed&potoroo& 2& 2&
& & &
&&
&
Rattus& Rattus& Rat& 4& 5&
& & &
&&
Reptilia& Lacertilia& Lacertilia& Lizard& 3& 4& 1& 2&
& &Incidental!
& & & & & & & &
&&
Invertebrate!
& & & & & & & &
&&
Bivalvia& Glycymerididae& Glycymerididae&(Juvenile)& Cockle&
& &
1& 1& && &&
&
&& Glycymeris&grayana&(Juvenile)& flame&dog&cockle& 23& 45&
& &
&& &&
&
&& Glycymeris&grayana&(Drilled)& flame&dog&cockle&
&
7&
& &
&& &&
&
Lucinidae& Lucinidae&(Juvenile)& Lucine&shells& 1& 1&
& & & &
&
Mytilidae& Mytilidae&(Drilled)& Mussel&
& & & & &
1&
&
Mytilidae& Mytilidae&(Juvenile)& Mussel&
& &
1& 1&
& &
&
&& Brachidontes&rostratus&(Juvenile)& Beaked&mussel& 28& 44&
& & & &
&
&& Brachidontes&rostratus&(Epibiont)& Beaked&mussel&
&
1&
& & & &
&
&& Trichomya&hirsuta&(Juvenile)& Hairy&mussel& 36& 51&
& & & &
&
Psammobiidae& Psammobiidae&(Juvenile)& Pipi& 1& 1&
&
&&
& &
&
&& Plebidonax&spp.(Juvenile)& Pipi& 1& 1&
&
&&
& &
&
&& Plebidonax&spp.&(Drilled)& Pipi&
&
1&
&
&&
& &
&
&& Plebidonax&spp.&(Epibiont)& Pipi&
&
1&
&
&&
& &
&
&& Plebidonax&deltoides&(Juvenile)& Pipi& 3& 17& 58& 58& 46& 46&
&
Semelidae& Theora&lata&(Juvenile)& Fragile&semele& 2& 2&
&
&& &&
&Table A1& continued.& & & & & & & & &
&
Veneridae& Gouldiopa&australis&(Juvenile)& Southern&gouldia& 1& 1&
& & & &
&
&& Irus&cumingii&(Juvenile)& Venus&shells& 136& 164&
& & & &
&
&& Irus&cumingii&(Drilled)& Venus&shells&
&
1&
& & & &Gastropoda& Calyptraeidae& Bostrycapulus&pritzkeri&(Drilled)& Slipper&limpet&
&
2&
& & & &
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!&
Cerithiidae& Cerithiidae&(Juvenile)& Ceriths&or&creepers& 4& 4&
& & & &
&
Cocculinidae& Coccopigya&crinita&(Juvenile)& Limpet& 18& 18&
& & & &
&
Columbellidae& Columbellidae&(Drilled)& Dove&shells&
&
2&
& & & &
&
Fissurellidae& Fissurellidae&(Juvenile)& Limpet& 12& 12&
& & & &
&
&& Amblychilepas&nigrita&(Juvenile) & Keyhole&limpet& 10& 10&
& & & &
&
&& Scutus&(Juvenile)& Elephant&snail& 1& 1&
& & & &
&
&& Scutus&antipodes&(Epibiont)& Common&elephant&snail&
&
2&
& & & &
&
Marginellidae& Dentimargo&mayii&(Drilled)& May's&margin&shell&
&
6&
& & & &
&
&& Mitra&solida&(Juvenile) & Mitre&shells& 29& 29&
& & & &
&
Muricidae& Muricidae&(Juvenile)& Cartrut&shells& 58& 58&
& & & &
&
&& Dicathais&(Juvenile)& Cartrut&shells& 88& 88&
& & & &
&
&& Dicathais&(Epibiont)& &&
& & &
11&
& &
&
&& Dicathais&orbita&(Juvenile) & Common&carturt& 33& 57& 19& 155& 4& 4&
&
&& Dicathais&orbita&(Epibiont)& &&
&
3&
&
17&
&
3&
&
Nassariidae& Nassariidae&(Drilled)& Dog&whelks&
&
1&
& & & &
&
Naticidae& Naticidae&(Epibiont)& Sand&and&moon&snails&
&
1&
& & & &
&
Naticidae& Naticidae&(Drilled)& Sand&and&moon&snails& 2& 2&
& & & &
&
&& Nerita&atramentosa&(Juvenile)& Black&Nerite& 1& 1&
& & & &
&
Olividae& Olividae&(Juvenile)& Olive&shells&
& &
3& 3&
& &
&
Patellidae& Patellidae&(Juvenile)& Limpet& 5& 5&
& & & &
&
&& Notoacmea&petterdi&(Juvenile) & Petterd's&limpet& 169& 169&
& & & &
&
&& Scutellastra&peronii&(Juvenile) & Scaly&limpet& 241& 241& 17& 23&
& &
&
&& Scutellastra&chapmani&(Juvenile)& Chapman's&limpet& 45& 45&
& & & &
&
&& Chlamys&(Juvenile)& Scallop& 1& 1&
& & & &
&
Potamididae& Pyrazus&ebeninus&(Juvenile) & Hercules&Club&Whelk&
& &
1& 1&
& &
&
Ranellidae& Ranellidae&(Juvenile)& Triton&shell& 33& 33& 27& 27&
& &
&
Ranellidae& Ranellidae&(Epibiont)& Triton&shell&
& & &
37&
& &
&
&& Cymatium&parthenopeum&(Epibiont)& Neopolitan&triton&
&
1&
& & & &
&
&& Cymatium&parthenopeum&(Juvenile) & Neopolitan&triton& 19& 19& 7& 7&
& &Table A1& continued.& & & & & & & & &
&
Trochinae& Trochinae&(Epibiont)& Top&shell&
&
1&
& & & &
&
Turbinidae& Turbinidae&(Juvenile)& Turban& 11& 11&
& &
9& 9&
&
&& Lunella&(Juvenile)& Turban& 1& 1&
& & & &
&
&& Lunella&(Epibiont)& Turban&
&
4&
& & & &
&
&& Lunella&torquata&(Epibiont)& Heavy&turban&
& & &
4&
& &
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!&
&& Lunella&undulata&(Juvenile)& Wavy&turban&& 5& 5&
& & & &Hexanauplia& && Cirripedia& Barnacles& && 35&
&
3&
& &Malacostraca& Malacostraca& Crab/Crayfish& 1336&
&
48&
& &Echinoidea& && Echinoidea& Sea&urchin& && 1133&
&
6&
& &Spirulidae& && Spirulidae& Rams&horn& && 4&
&
22&
&
2&
Vermetidae& && Vermetidae& Worm&shells&& 99&
&
35&
&
3&
Vertebrate!
& & & & & & & & &Aves& Procellariidae& Puffinus&spp.& Shearwater&
& &
1& 1&
& &Mammalia& Macropus& Macropus& Wallaby&
& & &
2&
& &
& & & &
A2!MNI! A2!NISP! C1!MNI! C1!NISP! D1!MNI! D1!NISP!
& & &
Economic!Subtotals! 9771& 20266& 6724& 13316& 4611& 9705&
& & &
Incidental!Subtotals! 1018& 3778& 135& 462& 59& 68&
& & &
Square!Subtotals!! 10789& 24044& 6859& 13778& 4670& 9773&
& & & ! & & & & & &
& & &
Economic!Total!MNI! 21106&
& & & & &
& & &
Economic!Total!NISP! 43287&
& & & & &
& & &
Incidental!Total!MNI! 1212&
& & & & &
& & &
Incidental!Total!NISP! 4308&
& & & & &
& & & & & & & & & &
& & &
Total!MNI! 22318&
& & & & &
& & &
Total!NISP! 47595&
& & & & &
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!Appendix - Table A2. Nestedness analysis of all taxa for Square A2, 
sorted by levels in centimetres down to 100. Temperature value of 15.6. 
Shaded cells indicate taxonomic presence, sample sizes per taxon by MNI 
in white 
 
! Context!
!
6! 7! 5! 3! 4! 8! 2! 1!
surfac
e! 9!
Depth!(cm)!
55=
65!
65=
75!
45=
55!
25=
35!
35=
45!
75=
85!
15=
25!
5=
15! 0=5!
85=
95!
Taxon! ! ! ! ! ! ! ! ! ! !
Muricidae) 91) 53) 106) 33) 63) 18) 44) 107) 10) 3)
Turbinidae) 216) 243) 244) 68) 116) 56) 232) 524) 51) 3)
Sparidae) 12) 7) 18) 6) 7) 8) 7) 16) 2) 1)
Psammobiidae) 175) 244) 163) 112) 130) 222) 261)
118
4) 162) 9)
Chironemidae) 33) 39) 23) 5) 13) 12) 4) 5) 1) 2)
Polyplacophora) 11) 6) 15) 24) 63) 7) 48) 86) 11) 3)
Labridae) 23) 10) 22) 6) 11) 14) 6) 9) 2) ))
Mytilidae) 15) 3) 36) 40) 65) 1) 51) 10) )) 2)
Neritidae) 202) 74) 321) 93) 103) 99) )) 232) 36) 28)
Ranellidae) 41) 35) 36) 9) 18) 7) 11) 14) 2) ))
Patellidae) 112) 70) 138) 219) 232) 146) )) 379) 37) 44)
Veneridae) 9) 14) 75) 8) 18) 3) )) 23) )) 1)
Mitridae) 43) 19) 54) )) 24) 6) )) 57) 1) 1)
Monacanthidae) 2) 3) 2) 1) 2) 1) 1) 3) )) ))
Acanthopagrus) 8) 6) 5) 4) 1) 2) 3) 5) )) ))
Trochidae) 40) 25) 4) 6) 12) 1) 13) 17) )) ))
Serranidae) 22) 15) 9) 2) 2) 2) 2) 8) )) ))
Sillago)spp.' 1) 1) )) 1) 1) 1) 1) 3) )) ))
Naticidae) 4) 18) 9) 11) 17) )) 11) 25) )) ))
Puffinus) 6) 18) 7) 5) 8) )) )) 3) 2) ))
Glycymerididae) 6) 2) 4) 4) 3) 1) 9) )) )) ))
Littorinidae)) 18) 24) 46) 9) 40) 25) )) )) )) 5)
Lucinidae) 17) 5) 13) 9) 11) 2) )) )) )) ))
Carangidae) 1) 1) 2) 1) )) )) 2) 1) )) ))
Chondrichthyes) )) 1) 2) 1) 1) 1) 1) )) )) ))
Fissurellidae) 7) 7) 13) 2) 1) )) 8) )) )) ))
Fossarus)sydneyensis) 11) 13) 7) 4) 11) 4) )) )) )) ))
Haliotis'rubra' 6) 9) 3) 2) 2) )) )) 3) )) ))
Pyramidellidae) 10) 4) 1) 10) )) 4) 14) )) )) ))
Dentimargo)mayii) 28) 12) 27) 2) 13) 2) )) )) )) ))
Minolia)pulcherrima) 13) 8) 10) 6) )) 2) )) )) )) ))
Cerithiidae) 2) 5) 4) )) 6) 1) )) )) )) ))
Nassariidae) 10) 4) 3) 3) )) 1) )) )) )) ))
Mugilidae) 1) 1) )) 1) )) 1) )) )) )) ))
Bostrycapulus)pritzkeri) 2) 1) 2) )) )) )) )) 4) )) ))
Scorpidinae) 1) 1) 1) 1) )) )) )) )) )) ))
Trigoniidae) 3) 2) )) 1) 2) )) )) )) )) ))
Theora'lata' 6) )) 4) 1) 1) )) )) )) )) ))
Tetraodontidae) )) )) 1) 1) )) )) 3) 2) )) ))
Girella'elevata' 3) )) )) 1) )) )) )) )) 1) ))
Salmo)spp.' 1) 4) )) )) 1) )) )) )) )) ))
Rhabdosargus'sarba' 1) )) 1) )) )) 2) )) )) )) ))
Rattus) '' '' '' 1) 1) '' 2) )) )) ))
Atractoscion) 1) 3) 1) )) )) )) )) )) )) ))
Lacertilia) 1) )) )) 1) 1) )) )) )) )) ))
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!Conidae) 1) 3) )) )) )) )) )) 2) )) ))
Botelloides)bassianus) 1) 2) 1) )) )) )) )) )) )) ))
Rissoina)cretacea) )) 9) 24) )) 31) )) )) )) )) ))
Columbellidae) )) )) 1) 18) )) 2) )) )) )) ))
Costellariidae) 1) 3) )) )) )) 3) )) )) )) ))
Potorous'tridactylus' )) )) )) )) 1) )) 1) )) )) ))
Batillaria'australis' 1) 2) )) )) )) )) )) )) )) ))
Cardiidae) 2) )) )) )) )) )) )) 1) )) ))
Platycephalidae) 1) 1) )) )) )) )) )) )) )) ))
Ostreidae) 1) )) )) )) )) )) 1) )) )) ))
Olividae) 7) )) )) )) 4) )) )) )) )) ))
Pyrazus)ebeninus) 1) )) )) )) )) )) )) )) )) ))
Cnidoglanis'
macrocephalus' )) )) )) )) )) )) 1) )) )) ))
Pectinidae) )) 2) )) )) )) )) )) )) )) ))
Argyrosomus'japonicus' )) )) )) 2) )) )) )) )) )) ))
Mactridae) )) 1) )) )) )) )) )) )) )) ))
Anadara'trapezia' )) )) 1) )) )) )) )) )) )) ))
Hemidonax'pictus' 1) )) )) )) )) )) )) )) )) ))
Acar'Botanica' )) )) )) )) )) )) )) )) 1) ))
Dimya'corrugata' 2) )) )) )) )) )) )) )) )) ))
Pinniped) )) )) )) )) )) )) 1) )) )) ))
Cyrenidae) )) )) )) )) )) 1) )) )) )) ))
Petaurus'breviceps' )) )) )) )) 1) )) )) )) )) ))
Coccopigya'crinita' )) 11) )) )) )) )) )) )) )) ))
Pomatomus'saltatrix' )) )) )) )) )) 1) )) )) )) ))
Dasyrus'maculatus' )) )) 1) )) )) )) )) )) )) ))
Peculator'verconis' )) )) )) 1) )) )) )) )) )) ))
NTAXA! 67! 70! 61! 51! 56! 72! 37! 28! 14! 72!
MNI! 1234! 1044! 1460! 735! 1037! 659! 738!
272
3! 319! 102!
T=15.6!
) ) ) ) ) ) ) ) ) ) 
 
 
 
 
 
  
84
!Appendix - Table A3. Nestedness analysis of all taxa for Square C1, 
sorted by levels in centimetres down to 35. Temperature value of 16.8. 
Shaded cells indicate taxonomic presence, sample sizes per taxon by MNI 
in white 
 
) Context!
)
surface! 1! 2! 3!
Depth!(cm)! 0=5! 5=15! 15=25! 25=35!
Taxon! ! ! ! !
Muricidae) 67) 332) 88) 11)
Trochidae) 3) 17) 8) 1)
Chironemidae) 5) 10) 1) 1)
Ranellidae) 18) 45) 52) 1)
Plebidonax'spp.' 1267) 878) 421) 31)
Polyplacophora) 46) 90) 37) 4)
Patellidae) 127) 643) 239) 38)
Ostreidae) 2) 10) 12) 1)
Sparidae) 18) 1) 1) 1)
Neritidae) 128) 742) 460) 45)
Turbinidae) 74) 439) 37) 139)
Veneridae) 2) 3)
)
1)
Labridae) 8) 4) 2)
)Puffinus) 7) 13) )) 2)
Glycymerididae) 1) 2) 1)
)Olividae) 3) 2)
)
1)
Pyrazus'ebeninus' 31)
)
22) 1)
Naticidae) 2) 12)
)
1)
Sillago)spp.)
)
1) 1)
)Serranidae) 2) 5)
) )Mugilidae) 1) 1)
) )Rhabdosargus'sarba'
)
1) 1)
)Salmo)spp.)
)
1) 1)
)Acanthopagrus) 4)
)
1) ))
Batillaria'australis' 4) 1)
)
))
Mytilidae) 8) 4)
)
))
Austrolittorina'unifasciata' 3)
)
1)
)Lacertilia) 1)
) )
))
Atractoscion)
)
1)
)
))
Lucinidae) 1)
) )
))
Anadara'trapezia' 1)
) )
))
Platycephalidae) 2)
) )
))
Chilodontidae))
)
1)
)
))
Monacanthidae) 2)
) ) )Tornidae) 1)
)
)) ))
Argyrosomus'japonicus'
)
2)
)
))
Mitridae)
) )
1) ))
NTAXA! 30! 36! 37! 37!
MNI! 1839! 3261! 1387! 279!
T=16.8!
) ) ) ) 
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!Appendix - Table A4. Nestedness analysis of all taxa for Square D1, 
sorted by levels in centimetres down to 35. Temperature value of 18.9. 
Shaded cells indicate taxonomic presence, sample sizes per taxon by MNI 
in white !
 
) Context!
)
1! 2! surface! 3!
Depth!(cm)! 5=15cm! 15=25cm! 0=5cm! 25=35cm!
Taxon! ! ! ! !
Plebidonax'spp.' 2454) 303) 1202) 51)
Patellidae) 75) 13) 22) 1)
Saccostrea'glomerata' 27) 14) 1) 3)
Neritidae) 159) 44) 66) 6)
Turbinidae) 26) 9) 28)
)Polyplacophora) 4) 3) 1)
)Muricidae) 20) 4) 6)
)Trochidae) 39) 1)
) )Ranellidae)
) )
6) 1)
Pyrazus'ebeninus'
)
2) 5)
)Naticidae)
)
18)
) )Littorinidae)) 3)
) ) )Astele'spp.' 2)
) ) )Batillaria'australis' 10)
) ) )Anadara'trapezia' 4)
) ) )NTAXA!! 14! 20! 9! 20!
MNI! 2823! 414! 1338! 65!
T=18.9!
) ) ) ) 
 
 
 
 
 
 
 
 
 
 !
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